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Abstract

Global Warming is one of the largest challenges the world now faces. Validated by
extreme weather patterns and re-occurring natural disasters, Climate Change threatens the
world’s population. Severe changes in climate causes rising sea levels, drought, floods, and
storms etc. impacting communities physically, environmentally, socially and economically.
With the occurrence of extreme events such as these, communities become vulnerable,

disjointed and impaired.

Flooding is the most frequent natural disaster experienced by the Irish community. Over
recent decades, Ireland has shown low capacity in anticipating, coping, resisting and
recovering from flood events. This has resulted in the inundation of private property,
commercial premises, agricultural land and transport routes. As a consequence,
communities have been seriously affected with little or no protection from floodwater. The
Irish community have displayed little compliance in introducing societal change and
embracing community based initiatives, relying heavily on Governmental Bodies to
implement flood defence measures. With a reduction in community engagement and a lack
of adaptive resources, communities gradually become weaker and more exposed to the

adverse effects of flooding.

This research has highlighted the need for increased alertness toward flooding and
strengthened links between the affected community, responding professionals and
responding community. The research aimed to define the elements necessary for increasing
community vigilance and examined how these could be introduced into weakened
community areas, focusing on the slow integration of knowledge, technology and skill
transfer as a starting point for enhancing activity. This allows for shared experiences and
gives communities the option for adopting successful initiatives. Further analysis highlights
community complexity, the difficulty of introducing societal change and strengthening

adaptive capacities.



The researcher utilized grounded theory to gain insight into how affected community
members interact with flood events in collaboration with the Local County Council, The
OPW, Local Authorities and the United Nation Framework Convention on Climate Change.
Affected community members were involved throughout this study, participating in both
interviews and field studies. This allowed participants to share local knowledge specific to
the areas being examined, preparation measures taken for previous floods and their plans

for newly anticipated flood events.

Key findings from initial enquiry stage conclude that; Communities are complex and
comprised of economic, social, physical and institutional components. If an event such as a
flood were to disrupt community networks, vulnerability is increased, and areas become
more susceptible to damage. Another aspect to consider is that communities made up of
different community culture, various existing groups, diverse attitudes and values, patterns
of settlement etc., which makes it difficult to implement societal change. Increased
knowledge, skill and technology transfer aims to provide communities with the tools
required to implement change and slowly integrate adaptation methodologies and

techniques for reducing flood related impacts.

To conclude, this investigation has highlighted that there is a major need for increased
ability to endure flood events in Ireland. This research outlines how communities can be
enhanced through the use of open-source product design supported by knowledge, skill and
technology transfer, mending existing and forming new community links. A slow integration
of initiatives aimed at alleviating the effects of flooding and adaptive measures, aims to
strengthen community networks and boost engagement. The establishment of a flood
sensor network supported by an online platform provides communities with an open-
source, low-cost solution for allowing communities to prepare and respond better to flood

related disasters.
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1.0 Introduction

1.1 Background Context

The original working title “Coastal Communities vs. Climate Change —a community-
based design initiative for open-source, user-centred design solutions against severe
weather conditions in waterside communities” provided the starting point for this research
and framed the initial literature review. This research title was identified by DesignCORE and
was validated by the Institute of Technology Carlow’s Academic Council prior to

commencement.

Research conducted prior to this investigation highlighted that providing preventative
measures against flooding is more cost effective than dealing in a reactive way to extreme
weather conditions that are predicted to become more frequent as time progresses. It was
also emphasized that open-source software solutions have improved relief efforts and allow

for the processing and collection of valuable information related to natural disasters.

It was proposed that an outcome with a social agenda will enhance flood awareness and
promote engagement within communities. The objectives outlined prior to the researcher’s

engagement with this study suggest the following;

e Toinvestigate and explore the possibilities of community-based, open-source
product design in helping those people most affected by climate change in
Ireland.

e To understand user and product design requirement of households and
communities most vulnerable to the effects of climate change in Ireland.

e It was proposed that the research would be conducted in three stages, firstly
‘enquiry’, secondly ‘exploration’ and thirdly ‘implementation’.

e The enquiry stage would include literature reviewing, field research and analysis
whilst the implementation and testing stages would include practice-based
research through design intervention, community engagement, testing and

evaluation.



The initial research phase followed an explorative approach investigating both published
and online information. This provided the researcher with an extensive body of knowledge

required for guiding this study while also facilitating the literature review process.

Early findings from the literature review identified that in order to increase preparedness
against flood events, links between responding professionals, responding community
members and affected community members would need to be strengthened. Enhanced
relationships between the three groups identified, aims to enable communities to increase

flood resistance.

1.2 Gap in Existing Knowledge

It has been identified that open-source software solutions have proved to be
effective for enhancing preventative measures related to natural disasters. Although open-
source is common within the software industry, it remains elusive within product design.
The development of an open-source, community-based, user-centred design initiative
against flooding and other natural disasters has yet to be conducted in Ireland. It is hoped
that the development of product solutions through open-source, user-centred design will be
used to narrow the gap in existing knowledge and it is intended that this research study will
be a unique contributor to this field. It is also envisaged that the outcome presents an
opportunity for communities to establish and embrace the ability to endure the effects of

natural disasters through a series of community-based initiatives.



2.0 Literature Review — Section 1

2.1 Introduction

The original working title “Waterside Communities vs. Climate Change — A
community based design initiative for open-source, user centred design solutions against
severe weather conditions on waterside communities”, provided the researcher with the

starting point from which an initial enquiry stage was conducted.

After primary investigation, through the exploration of available literature and field

research, the researcher proposed the following research question:

‘Investigation into the impacts of climate change suggests that re-occurring flood events
make communities vulnerable to increased physical, social, economic and environmental

damage.’
This literature review seeks to;

e Analyse existing data based on climate change and flooding, to investigate and
explore the possibility of community-based, open source product design in helping
people most affected by flooding in Ireland.

e Examine the impact of climate change issues and the effects on Irish climate and
weather patterns.

e Gather data on how flooding has impacted communities, on a national level, to gain
an insight into what community based initiatives have been implemented to deal
with these issues and to highlight what strategies have been successful and, for
those that were less successful, what lessons could be learnt to ensure that
alternative strategies are investigated and proposed for the future.

e Investigate data relating to other communities across the world that are
experiencing similar flood related issues, and provide the researcher with further
insights into successful initiatives at global level.

e |dentify the social, emotional and financial damages caused by flooding.



Global Warming, resulting in climate change, has become a critical issue for our planet and
has contributed to significant changes in weather patterns globally. Over the last 200 years,
concentrations of the main heat-trapping gases have increased dramatically. According to a
report submitted by the Environmental Protection Agency, Ireland’s greenhouse gas (GHG)
emissions during 2015, resulted in a 3.7% increase as opposed to the previous year which
showed a 0.3% decrease (EPA, 2016). Evidence form this report reveals that Ireland
witnessed reduced economic activity resulting in low GHG emissions. Since 2016, Ireland
has maintained its GHG outputs, represented in Figure 1, with the exceptions of 2012 and
2015. It is evident that we are currently exceeding our quota which falls in line with the
growth of our economy and employment sectors, particularly transport. Emissions from
transport alone saw a 5.5% increase from the Emissions Trading System (ETS) sector and a

3.0% increase from non-ETS emissions. (EPA, 2016).
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Figure 1 Irelands GHG Emissions (EPA, 2016)



A report published by the Environmental Protection Agency in 2015, ‘Ireland’s Greenhouse
Gas Emission Projections - 2014-2035’, outlined a series of projections and estimations to
demonstrate how climate change may impact on the Irish population. These projections
offered valuable insights into both the best and worst case scenarios and with this data we
are better placed to forecast or estimate the anticipated levels of Irish emissions in the

immediate future.

The EPA report highlighted some important facts and had a significant role in the
development and publication of the Climate Action and Low Carbon Development Bill that
was published in the same year by The Department of Environment, Community and Local
Government (2015). This Bill provides an outline of plans supporting relief efforts and

preparation toward lower emission outputs. The Minister for Environment et al., published;

“An Act to provide for the approval of plans by the Government in relation to climate
change for the purpose of pursuing the transition to a low carbon, climate resilient

and environmentally sustainable economy;” (Minister for Environment, 2015)

With the introduction of this bill Ireland can initiate and further enhance efforts in reducing

emissions towards retaining current GHG emissions below the allocated quota.

Climate change in an issue that affects people all over the world. Extreme changes in
weather patterns consist of heavy/prolonged precipitation, variations in temperature,
severe storms, flooding and drought. In a book by Z. Zommers and A. Singh, the authors
make reference to a report conducted in 2012 by The Intergovernmental Panel on Climate
Change (IPCC). This indicates how extreme weather and climatic events can have large scale

impacts on vulnerable people (Zommers & Singh, 2014).

“Extreme events will have greater impacts on sectors with closer links to climate,
such as water, agriculture and food security, forestry, health, and tourism.” (IPCC,

2012).

Climate change significantly impacts people on a social, financial and emotional level,
especially those who live in small isolated communities and do not have the capacity to

prepare, resist, cope and recover from natural disasters. It is clear that climate change is not



just an issue for developing countries and has exhibited the vulnerability of towns and cities

worldwide.

Much like climate change affects most countries, flooding too is an issue that has impacts
across the globe. Flooding prompts conflicting issues on communities causing; damage to
infrastructure, agriculture, economic loss, emotional strain etc. A combination of these
issues results in weakened communities and have large implications for people who inhabit
these areas. On a financial scale alone, the cost of preparing, coping with and recovering
from a flood can be enormous. In a recent report by OECD (Organisation for Economic Co-

Operation and Development), they emphasize that;

“Flooding is one of the most common, wide-reaching and destructive natural perils —
causing average losses of USD 40 billion on an annual basis and increasing.”

(Ministry of Labor, 2011).

This report validates how floods have resulted in huge economic losses and have become
more frequent from around 1990 onwards, bringing the acceleration of climate change into

perspective and highlighting the rapid increase over recent years.

2.2 Global Warming — Climate Change

Global warming, resulting in climate change, is one of the most severe challenges we
currently face as a society, at a national and global level. Global warming is defined by the
increase in planet temperatures that have ensued change in the world’s climate. In a report
conducted by The Royal Society focusing on the cause of accelerated climate temperatures
over the past century much data has been evaluated. Research to date has shown that
Green House Gases (GHG’s) have made a major contribution to the rise in climate averages

with Carbon Dioxide (C0O,) being the largest contributor.

“GREENHOUSE GASES such as carbon dioxide (C0O,) absorb heat (infrared radiation)
emitted from Earth’s surface. Increases in the atmospheric concentrations of these

gases cause Earth to warm by trapping more of this heat.” (Wolff et al., 2014)



According to Ingvaldsen & Gulla (2015), World Meteorological Organization (WMO) — A
summary of current climate change findings and figures, GHG’s constitute less than one
percent of the earth’s atmosphere. Combined they form a blanket and cause the earth to
become warmer than it would usually be. Furthermore, GHG levels reached a reported high
in 2011 with the average global temperature over the 20t™ century, reported to have risen

by approximately 0.6°C (1.1°F).

Evidently, GHG’s are the main driver behind climate change. In order to slow down the
damages caused, we need to significantly reduce our GHG emissions across the globe at
individual and community levels. Many countries have already become more sustainable
through the use of renewable energies (solar, geothermal, wind, hydroelectric energy),
reducing car use, reforestation etc. The challenge now is to prompt countries, who have not
implemented flood relief strategies, to adopt these or similar approaches to lessen GHG

outputs.

2.2.1 Contributors to Climate Change

Numerous studies have provided evidence to demonstrate that human activity has
been the largest contributor to Climate change. With emphasis on the burning of fossil fuels
which are reported to “—have increased atmospheric CO, concentrations by about 40%,
with more than half the increase occurring since 1970.” (Wolff et al., 2014). This view is

supported by the IPCC 2014 climate change synthesis report, stating that;

“Each of the last three decades has been successively warmer at the Earth’s surface
than any preceding decade since 1850. The period from 1983 to 2012 was likely the
warmest 30-year period of the last 1400 years in the Northern Hemisphere, where

such assessment is possible” (IPCC, 2014).

Several studies have acknowledged that human activity has largely affected the acceleration
of climate change, however, it is true that natural processes have also made an impact, but
to a lesser extent. The evidence that human activity is having the greatest effect on our
climate is supported by Mr. Stefan Rahmstorf, a German oceanographer and climatologist.
In a publication by Rahmstorf (2005), he explains that for at least 650,000 years, carbon

dioxide levels in the atmosphere were never as high as they are at present. This can be



validated by reports of increasing industrial activity, particularly in developed countries.
Evidence of the sudden rise in CO, levels can be seen in Figure 2 below. In a report on
estimating global impacts from climate change, carried out by S.Hitz, J.Smith et al. (2004),
nine sectors are examined that are expected to suffer from global warming. The conclusion

is that they are confident that the damages caused tend to be adverse and increasing.

Figure 3-1. Climate History of the Past 350,000 Years*
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Figure 2 Climate History (Stefan, 2005)

In light of this information, it raises the question of, how did the world allow atmospheric
concentrations of greenhouse gases increase to levels that have resulted in the acceleration
of global warming and reoccurring natural disasters, when we have been aware of this issue
for decades? Perhaps the earth is unable to withstand the rapid advancements of our
industrialised society and now we are only coming to terms with the consequences of not

protecting our planet.



2.2.2 Climate Change Impacts
Data derived from several studies has identified that as a result of global warming,
we are now experiencing more extreme weather patterns resulting in more frequent natural

disasters.

“The increase in the number of reported natural disasters in 2015, was mostly due to
a higher number of climatological disasters: 45 compared with the 2005-2014 annual

average of 32, an increase of 41%.” (Guha-sapir, Hoyois, & Below, 2015).

Natural disasters are classified as extreme and usually sudden events that cause physical,
economic, environmental, social implications, and in some cases, loss of life. A substantial
amount of evidence has been published on how natural disasters such as storms, floods,
droughts etc. have previously impacted and are predicted to impact people across the
globe. In a report IMPACTS OF NATURAL DISASTERS ON ENVIRONMENTAL AND SOCIO -
ECONOMIC SYSTEMS: WHAT MAKES THE DIFFERENCE? ‘, by Mata-lima et al., it states that;

“In the last two decades, many studies have consistently presented forecasts and
demonstrations of an increase in the frequency and intensity of natural disasters (e.g.
hurricanes, floods, droughts and associated forest fires, earthquakes, tornadoes,

among others) ...” (Mata-lima et al., 2013)

In light of this statement it is accurate to say that natural disasters are becoming more of

threat to people worldwide leaving vulnerable communities devastated by their impacts.

Much of the recent literature has revealed that people inhabiting low-income countries,
who contribute the least to our overall global emissions, are most exposed to its effects.
This suggests that the more economically developed countries need to make significant
changes to reduce their GHG outputs in order to reduce the acceleration of climate change

in order to aid people residing in both developed and developing countries.



2.3 Climate Change effects in Ireland

The effects of climate change have become more and more apparent in Ireland over
recent years. The latter months of 2015 and early 2016, saw many parts of the country
devastated by heavy rainfall resulting in extensive flooding. As a nation, it is indisputable
that we are highly vulnerable to the effects of flooding and that the majority of communities
within Ireland do not have the capacity to anticipate, cope, resist and recover from such

intense rainfall patterns.

“Effective actions are needed to reduce vulnerabilities to the negative impacts, take
advantages of opportunities that may arise and increase social, economic and

environmental resilience.” (Peptides, 2016).

In addition, community capacities need to be strengthened throughout. Improvements in
knowledge transfer through information, communication, adaptation and alleviation
technologies will enhance community engagement, resulting in communities more prepared

for withstanding the effects of flooding.

In a report published by the Environmental Protection Agency (EPA), Ensemble of Regional
Climate Model Projections for Ireland, it outlines how global climate change is anticipated to
affect Ireland’s mid-21°t-century climate. The report focuses on providing an outline of

expected temperature, rainfall, storm track, mean sea level and wind energy projections.
The report concludes that by the middle of this century;

* Mean annual temperatures will increase by 1-1.6°C, with the largest increases

seen in the east of the country.
* Hot days will get warmer by 0.7-2.6°C compared with the baseline period.
e Cold nights will get warmer by 1.1-3.1°C.

* Averaged over the whole country, the number of frost days is projected to

decrease by over 50%.
* The average length of the growing season will increase by over 35 days per year.

» Significant decreases in rainfall during the spring and summer months are likely.



* Heavy rainfall events will increase in winter and autumn.

* The energy content of the wind is projected to decrease during spring, summer
and autumn. The projected decreases are largest for summer, with values ranging

from 3% to 15%.

e Storms affecting Ireland will decrease in frequency, but increase in intensity, with

increased risk of damage. (Nolan, 2015)

Many of the changes outlined above have already begun to appear with Ireland recently
experiencing extensive and widespread rainfall which led to the flooding of many
commercial and residential properties along with the inundation of agricultural land. A
combination of heavy periods of rainfall and the occurrence of six storms, impacted the
harsh weather patterns Ireland experienced during the winter months of 2015/2016. An
evaluation of this extreme flood event highlighted just how unprepared Ireland is, to deal
with the deluge endured during this period. There is a clear need for the reassessment of
solutions currently in place for dealing with severe weather conditions and we need to
implement new strategies for anticipating, coping, resisting and recovering from the effects

of these newly intensified weather patterns.

2.3.1 Agricultural Impacts

Climate change and particularly flooding has had devastating impacts on the Irish
community. Research has revealed that climate change greatly affects the Irish population
environmentally, agriculturally, socially, economically and physically. The agricultural sector
in Ireland produces a far bigger return than any other traded sectors. There are
approximately 167,500 people employed in the agri-food sector, and is our most important

indigenous manufacturing sector.

A report from Teagasc, The impact of climate change on Irish farming, Dr.Thia Hennesy
(2010) expresses the threats and opportunities associated with the changing climate and
how it is predicted to affect farming in Ireland. This report is primarily based around the
economic benefits of increased temperatures on agriculture, however, the report does not

outline the importance of reducing our GHG outputs in the fight to mitigate climate change.



It has been conclusively shown that the growth of grass in particular is an asset to livestock
farmers, resulting in larger quantities of fodder for their herds and a reduced need for
manufactured agricultural feeds. In light of this, it is possible that livestock farming may
significantly increase with the huge economic gain associated with the cattle rearing
industry. Previous studies have revealed that, “The livestock sector contributes between 25
and 40 per cent of all anthropogenic methane emissions — the biggest single source.”
(Grasslands, 2005), this suggests that a rise in livestock populations could increase Ireland’s

production of GHG's.

In another report carried out in The Irish Climate Analysis and Research Units (ICARUS),
NUIM, it is highlighted that the acceleration of global warming will have adverse effects on

tillage farming and has the potential to impact negatively;

“...in relation to pests and diseases, crop yields, flooding, plant and animal stress
factors, drought effects and the ability to provide sufficient resources for animals

during extreme events” (Flood, 2013).

Flood concludes that all aspects related to climate change should be carefully considered
and we need to plan accordingly. Some of the methods for adaptation recommended in this

report include;

“increasing crop diversity and varieties, altering planting and harvest dates, planning
for and implementing water supply management strategies, and supporting research
that focuses on identifying crops that can grow more successfully in the next 10 or 20
years, taking into account the expected continuing changes in climate and growing

seasons.” (Flood, 2013).

To conclude, climate change is expected to have both positive and negative effects on the
Irish agricultural industry. This information provided in these reports is of great value with
the provision of knowledge on improved methods for adaptation in relation to agriculture.
However, both authors offer very little information emphasising methods for delaying
advancements in global warming, alternatively highlighting that livestock farming could
prosper. Advancement in this area could result in increased production of methane,

boosting Ireland’s GHG emission outputs and assisting in the acceleration of climate change.
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2.3.2 Social Impacts on Ireland

There is little information published on the societal issues associated with climate
change in Ireland, particularly in relation to flooding and its impacts on communities. Based
on news articles and various reports, flood related events impact negatively on several
aspects of human life “Climate change affects human health, livelihoods, safety, and
society” (Global Humanitarian Forum, 2009), with some cases being more severe than
others depending on an areas environment, societal issues, financial position etc. It is clear
that Ireland needs to strengthen its capacity for reducing the issues associated with flood

events.

The flooding that occurred during the winter of 2015 and early 2016 has triggered some
much-needed action, in the hope of increasing preparation for the future. In the recent,
OPW RESPONSE TO THE WINTER 2015/2016 FLOODING IN IRELAND, written by Oliver
Nicholson and Dr. Fasil Gebre, they evaluate the response from The Office of Public Works
(OPW) during the last major flood events. This report describes the intensity of the floods
and outlines work carried out by the OPW in collaboration with various national and

international Governmental Bodies. The key findings from this report conclude that;

e On 5 January 2016, the government decided to establish a National Flood
Forecasting and Warning Service. This decision has provided the opportunity to
proceed with a first stage of implementation of the service that will involve the
following elements:

- Establishment of a National Flood Forecasting Service as a new operational unit
within Met Eireann, and

- Establishment of an independent Oversight Unit within the Office of Public Works
(OPW). (Nicholson & Gebre, 2016)

They also draw attention to the evidence that many places were not capable of anticipating
these extreme weather conditions and one of their principal means of receiving important
data was through the European Flood Awareness System (EFAS). Even though EFAS is a very
useful tool for publicising the potential of a flood, there is a need for “more accurate and

site specific flood forecasts” (Nicholson & Gebre, 2016)
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2.4 Flooding

Over the past 50 years the world has witnessed an increase in extreme weather
conditions such as drought, storms, flash floods etc. There are records of events of similar

severity in history, however they have become more and more frequent in recent years.

In a recent report by the United Nations, it is revealed that flooding is the most common
natural disaster experienced worldwide. It is estimated that 2.3 billion people have been

affected by flood related events from the year 1995 to 2015.

Numbers of people affected by weather-related disasters (1995-2015)
(NB: deaths are excluded from the total affected

e
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billion ‘—
mll.lhn l“

Figure 3 Number of people affected by weather related disasters (1995-2015) Source: (UNISDR)

The focus area for this research project is flooding, the impact of floods on communities,
how community resistance can be increased and the design and implementation of effective
solutions and systems for communities that are identified as being less prepared for flood
events. In a recent publication produced by the UN (United Nations), “The Human Cost of

Weather Related Disasters”, it states that;

“Since 1995, floods have accounted for 47% of all weather-related disasters, affecting
2.3 billion people. The number of floods per year rose to an average of 171 in the
period 2005-2014, up from an annual average of 127 in the previous decade.”
(Center for Research on the Epidemiology of Disasters (CRED) & The United Nations
Office for Disaster Risk Reduction (UNISDR), 2015)
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In the same report an example is provided, showcasing the increase in the number of
people affected by floods in South America in the two periods between 1995-2004 and
2005-2014. In the first decade 560,000 people were affected on average each year, the
second decade shows a serious increase to 2.2 million people, nearly four times larger than

the statistics for the previous decade.

This is a massive and rapid increase over a short period of time and proves that flooding is
becoming more of an issue across the globe. To address this effectively, countries need

solutions tailored to suit their own needs and their nation’s capacity.

FloodList, an online forum that provides information to people worldwide concerning
floods, issued an article based on a report published by The European Environment Agency
(EEA). This report, ‘Floodplain Management: reducing flood risks and restoring healthy
ecosystems’, by the EEA has outlined how flooding is anticipated to continue accelerating

over the coming years.

“Annual flood losses can be expected to increase fivefold by 2050 and up to 17 -fold
by 2080. The major share of this increase (70-90%) is estimated to be attributable to
socio -economic development as the economic value of the assets in floodplains
increases, and the remainder (10-30%) to climate change.” (Vanneuville &

Environment, 2016)

While climate change is considered the main contributor to the cause of extreme weather
patterns, there are other factors such as urbanization, human interference with waterways,
social and economic development etc. all of which play a part in the impact a natural

disaster has on our society.

Previously, frequent flooding has occurred in many areas in Ireland, however, few methods
for prevention or protection have been implemented since. Bandon is just one example of
an area that had been flooded before but were unprepared for the extreme weather events

that took place during the end of 2015 and early 2016;

“Despite the provision of sandbags and the overnight work of the fire brigade
pumping thousands of gallons of water off the streets, businesses were flooded. With

no insurance, damage to property and loss of trading, retailers on South Main St
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were counting the substantial cost of the second major flood in six years.” (Examiner,

2015)

Another major issue for the country is the poor planning decisions and permission that had
been granted for building residential and commercial properties on areas that had been
marked as floodplains. In a report from The Irish Times, published on the 16th of December
2016, Chairman of the Oireachtas Joint Committee Michael McCarthy spoke about property
and flood insurance after the launch of the Oireachtas Report on Flooding and Property

Insurance 2015, at Leinster House, Dublin.

“Asked about homes built in floodplains Mr McCarthy said the report was in favour of
a complete ban on development in these areas. But he said the recurring problem of
flooding across the country was having a devastating impact on those already in

high-risk areas.” (O’Brien, 2015)

As a result, the Government are beginning to consider a ban on building in the areas

subjected to floods, however, many residents who were granted permission to build in the
past, currently own properties on or near floodplains. These affected community members
have very few options left to protect and preserve their homes and businesses as the issue

of flooding worsens.

The country now looks to the Government to implement strategies and flood defences to

reduce the impact of severe flooding and lessen the extent of the damage caused.

Since the last major flood, the OPW have assessed some of the worst affected areas in the
country and have made plans to erect hard defences to minimise risk. The majority of these
flood relief schemes could take up to 5 years to complete depending on how long it takes to

carry out the five stages of the flood relief scheme. These five stages include:
Stage 1: Feasibility & Preferred Option Selection

Stage 2: Environmental Assessment & Planning

Stage 3: Detailed design, tender process & award of construction contract

Stage 4 & 5: Construction & Handover (Cork County Council, 2014)
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With such a long process to construct these flood defences, and with many of these being
unable to reach all persons affected, it leaves community members, usually inhabiting rural
areas, exposed to the effects of a flood disaster. This information has highlighted that there
is an opportunity for an advancement in community awareness and a chance for people to
develop their own strategies for protecting themselves and other affected communities

within Ireland.
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2.5 Adaptation — Section 2

Adaptation to the acceleration of our changing weather patterns is vital in the fight

against climate change. Adaptation is defined as;

“The process of adjustment to actual or expected climate and its effects. In human
systems, adaptation seeks to moderate or avoid harm or exploit beneficial
opportunities. In some natural systems, human intervention may facilitate
adjustment to expected climate and its effects.” (Mach, Planton, & von Stechow,

2014)

Adaptation Technologies refer to new methods of carrying out certain activities in response
to global warming and extreme weather conditions. These technologies are used in order

to;

“reduce the negative effects of climate change (or exploit the positive ones) by

making the appropriate adjustments and changes.”(UNFCCC, 2007).

The UNFCCC implement adaptation action through National Adaptation Plans (NAPs) and
National Adaptation Programmes of Action (NAPAs). Adaptation Technologies are crucial in
assisting countries inadequately prepared for the effects of global warming. These include

activities such as farming, fishing, irrigation, water purification, sea defences etc.

As a result of our increased global temperature, it is important that vulnerability is reduced
and that proper adaptation measures are introduced. The United Nations Framework
Convention on Climate Change (UNFCCC) was established in 1994 and now has 191 member
countries. The aim of the UNFCCC is to provide the basis for united action on an
international level to mitigate climate change and improve adaptive capacities. (UNFCCC,
2007). The Organisation for Economic Co-operation and Development (OECD) report,
‘adaptation to climate change: Key Terms (2006)’, distinguishes several different types of

adaptation; Anticipatory, Autonomous, Planned, Private, Public and Reactive.

e Anticipatory Adaptation—Adaptation that takes place before impacts of
climate change are observed. Also referred to as proactive adaptation.
e Autonomous Adaptation—Adaptation that does not constitute a conscious

response to climatic stimuli but is triggered by ecological changes in natural
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systems and by market or welfare changes in human systems. Also referred
to as spontaneous adaptation.

e Planned Adaptation—Adaptation that is the result of a deliberate policy
decision, based on an awareness that conditions have changed or are about
to change and that action is required to return to, maintain, or achieve a
desired state.

e Private Adaptation—Adaptation that is initiated and implemented by
individuals, households or private companies. Private adaptation is usually in
the adaptor's rational self-interest.

e Public Adaptation—Adaptation that is initiated and implemented by
governments at all levels. Public adaptation is usually directed at collective
needs.

e Reactive Adaptation—Adaptation that takes place after impacts of climate

change have been observed. (Levina & Tirpak, 2006)

Many countries at national and international levels have already began to adopt adaptation
policies, however, studies on post development approaches to climate change adaptation
have revealed that community efforts at local level rarely have impact externally. The aim of
this post development perspective is to evaluate how local actions can aid communities

globally. (Philip & Katharine, 2013)

Philip et al., provide a strong proposal for aiding adaptation on a global scale using the
success of local initiatives which can also be extremely beneficial for communities at

national levels.

In the Climate Change Research Programme (CCRP) 2007-2013, Report Series No.9 by the
EPA (2013), it is highlighted that in order to aid planning for climate change effects, accurate
information is required on anticipated impacts, capacity for adaptation, vulnerable
communities, economic implications and options for adaptation. These methods could allow
Irish governmental and non-governmental bodies to assess the vulnerability of communities
nationwide and adjust plans accordingly to their specific needs. This approach is crucial in

minimising the effects of unstable weather patterns and the;
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“assessment of Ireland’s adaptive capacity adds an important dimension to

understanding how to plan for adaptation.” (Shine & Desmond, 2013)

Assessment of community capacity to adapt to climate change will help target areas within
Ireland that are most vulnerable. It acts as the groundwork for informing decision makers on

methods most appropriate for increasing community vigilance.

2.6 Knowledge and Skill Transfer

Knowledge transfer (KT) consists of the transmission of influential data from one
entity to another. This provides people with targeted information on specific issues and
various methods on how similar areas have adjusted to the effects of natural disasters. It

allows other countries to adopt these ideas and tailor them to their own community.

“This knowledge transfer is needed to address issues like compatibility of spatial and
temporal scales, multidisciplinary and integrated approaches, language used by
researchers and users of study results, treatment and integration of uncertainties,

etc.” (Vescovi, Bourque, Simonet, & Musy, 2007)

The transfer of knowledge is already being carried out within a variety of national and
international organisations such as the United Nations Volunteers (UNV) who are constantly
trying to increase information sharing to help improve their voluntary actions. Knowledge
transfer can be achieved on different scales, for example, between community members in
small localised areas or between developed and developing countries. Vescovi et al. (2007)
stresses that effective communication and knowledge transfer between researchers and

decision makers will be an essential element to ensuring that the correct action is taken.

User-driven knowledge transfer is fundamental in obtaining valuable data related to efforts
for reducing the effects of flooding from people in localised areas. This can be shared with

other community groups that are affected by similar issues.
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Similar to KT, Skill Transfer (ST) offers solutions to areas of low capacity. Skill Transfer can be
defined by acquiring skills that can be adapted to new situations and transferred between
populations. Skill Transfer is an important tool in reinforcing adaptation and is of great

benefit to areas that are less equipped for tackling disaster related issues.

-0

'

Figure 4 Knowledge and Skill Transfer — Source: (Self-generated)

Information from primary sources, such as active community members, can be a large asset
to policy/decision makers. Community members are experts in their area with direct
knowledge on flood related events that affect their own communities. The transfer of
relevant knowledge and skills is key for communities affected by flooding. It allows for the
sharing of information and techniques resulting in enhanced preparation and alleviation

methods associated with predicted and unpredicted weather events.

2.6.1 Technology Transfer

Much like knowledge and skill transfer, technology transfer fulfils a similar objective
by transferring technology from one entity to another. While Technology Transfer (TT) has
many definitions, the Intergovernmental Panel on Climate Change (IPCC) defines knowledge

transfer as;

“...a broad set of processes covering the flows of know-how, experience and

equipment for mitigating and adapting to climate change amongst different
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stakeholders such as governments, private sector entities, financial institutions, non-
governmental organizations (NGOs) and research/education institutions” (Fox,

2002).

Furthermore the IPCC use the term “transfer” in a broad sense, encompassing the dispersal
of technologies and technology co-operation between and within countries. Technology

information is an important link to technology transfer. It comprises of;

“..hardware, software and networking, to facilitate the flow of information between
the different stakeholders to enhance the development and transfer of

technologies.”(Nations United Framework Convention Climate Change, 2007).

Both these components are fundamental to ensure a clear understanding, use and
replication of technology as well as the capacity to choose appropriate technologies and
adapt them to local conditions. The UNFCCC launched TT: CLEAR, the technology transfer
information clearing house, in September 2001. TT: CLEAR operates as a gateway for

information on technology transfer issues at global level.

To date, there is very little published work on the benefits of Technology Transfer in relation
to climate change in Ireland. The availability of information on adaptation and mitigation
technologies would have huge benefits for vulnerable communities across the country. The
OPW highlight the European Flood Awareness System (EFAS) as a means for people at local
levels to obtain important data on flooding, however, Ireland has no specific platform where
individuals can gather information on all aspects of adaptation, alleviation, knowledge, skill
and technology transfer, mechanisms to anticipate, cope, resist and recover etc. tailored

specific to communities nationally. (Nicholson & Gebre, 2016)

2.7 Social Vulnerability

According to Singh et al., (2014) the characteristics that define vulnerability consist
of “.. a person or group and their situation that influence their capacity to anticipate, to
cope with, resist and recover from the impact of a natural hazard.” Vulnerability can be
measured in terms of physical, social, environmental and economic factors or processes

along with factors that enhance social vulnerability. (Singh et al., 2014). Oliver Smith states;
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“Like few other phenomena the internal complexity of disasters forces us to confront
the many and shifting faces of socially constructed reality (ies). The complexity is
embodied in the multiplicity of perspectives as varied as the individuals and groups

impacted or participating in the event and process” (Oliver-Smith, 1999).

Smith highlights that social vulnerability is tailored to specific populations and is determined
by a variety of participant’s mind-sets and views along with various other factors. In a report
by the International Journal of Interdisciplinary and Multidisciplinary Studies — The Concept
of Social Vulnerability: A Review from Disasters Perspectives (Singh et al., 2014), underlines
that disaster is perceived as being a collaboration of two conflicting issues, these being
natural hazards and a vulnerable society. Disasters have huge impacts globally, and those
who are ill-prepared and do not possess the capacity to withstand major flood events, fail to

combat these issues effectively.

Figure 5 Mapping Social Vulnerability — Source (Self-generated)

In a report carried out within the United Nations University, Dr. Ingenieur assesses the
Social Vulnerability for River-Floods in Germany. In his introduction he outlines the

importance of mapping social vulnerability as a valuable tool;
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“The assessment of social vulnerability unveils hidden weaknesses and strengths of

the human society towards a certain stressor or hazard.” (Fekete, 2009)

Some advancements have been made in relation to mapping in Ireland. CFRAM have
recently developed an online interactive map, to aid preparation for flood risk assessment.
These detailed sources of information need to be combined to give a greater understanding,
at local level, of the repercussions of the occurrence of a natural disaster on an overall social

scale with the potential of being used to assess future trends.

2.8 Social and Behaviour Change Communication

During the early stages of this research project, through the study of relevant
literature and engagement with community members affected by flooding, the researcher
has become aware of some behavioural obstacles that need to be overcome to ensure that
the outcome of this research is of benefit to the Irish community. Social and Behaviour

Change Communication (SBCC);

“...is the use of communication to change behaviours, including service utilization, by
positively influencing knowledge, attitudes and social norms. More than just an
advertisement or website, SBCC coordinates messaging across a variety of
communication channels to reach multiple levels of society...” (The Health

Communication Capacity Collaborative HC3, 2016)

In an increasing material world, we have become consumers in regards to all aspects of life.
The possibility of convincing individuals or groups of people to invest in something that they
cannot see immediate or long-term benefits from is, therefore, very small. With the
development of the UNFCCC’s redesigned website TT: CLEAR, one of the most critical
elements included was the addition of success stories. These success stories include natural
disaster reduction and adaptation efforts achieved by countries worldwide. The
incorporation of these aims to allow practitioners and private sector users to familiarise
themselves with procedures that have been successfully undertaken by countries that suffer

from climatic issues.
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This example illustrates how similar activities can be carried out for those areas who are
vulnerable to the effects of climate change. Success stories act as a benefit statement for
those in search of ways to improve their efforts toward delaying the effects of global
warming. For Ireland a similar approach must be taken in order to motivate members of the

community to invest in assisting themselves and their community.

2.9 Community Resilience

The primary objective of this research study is to inspire communities and increase
resistance against the effects of flooding. Community resilience has no commonly accepted

definition, however, for this study the researcher focused on community social resilience.
The International Federation of Red Cross and Red Crescent Societies defines resilience as;

“the ability of individuals, communities, organizations or countries exposed to
disasters, crises and underlying vulnerabilities to anticipate, prepare for, reduce the
impact of, cope with and recover from the effects of shocks and stresses without

compromising their long-term prospects.” (IFRC, 2014)

When an event such as a flood strikes a community, it can cause great strain and, in time,

leads to increased exposure and vulnerability in the future.

“A local community is considered as a complex adaptive system, composed of closely
linked social, economic, physical and institutional components. In case of disruption,
the interrelationship between the components makes the local community vulnerable
for cascade effects that can seriously affect its functioning.” (Ivanis, Babi¢, &

Komazec, 2016).

This view is backed up by Norris et al., (2008), expressing that that community resilience

cannot be “measured or monitored simply”.

A recent publication on Enhancing Community Resilience (2016), has provided the
researcher with significant insight on theories associated with adaptive systems and ways of
enhancing the ability to endure certain strains. The document highlights how a community

is a complex system, comprised of linked components such as society, economy, physical
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characteristics and institutions. One of the most important key points to take from this
publication is the importance of bridging the collaborative gap “...between the affected
community, the responding community and the responding professionals.” (lvanis et al.,
2016). In response to these findings COBACORE, a collaborative research project for
Community Based Comprehensive Recovery, was set up and funded by the European
Commission with partners in Holland, the UK, Germany, Ireland, Spain and Slovakia. The
project seeks to assist communities during post-crisis recovery periods and aims to close or
reduce any collaboration gaps between stakeholders within and beyond the affected
community (See Figure 6). COBACORE is a valuable and effective tool for enhancing
community vigilance, however, anticipatory, endurance and prevention methods also need

to be taken into consideration.

Responding
Professionals

Responding Affected
Community Community

Figure 6 COBACORE - Approach for disaster recovery - Source (COBACORE, 2017)

In a paper on ‘Community Resilience as a Metaphor, Theory, Set of Capacities and Strategy
for Disaster Readiness’ (Norris et al., 2008), a variation of components that influence a
community’s adaptive capacities are examined. Key findings from this paper conclude that
community wellbeing and endurance materialises from a range of diversified adaptation
capacities i.e. “robustness, redundancy, and rapidity.” (Norris et al., 2008). Secondly, if
communities are to make improvements regarding awareness, then it is important that they
work together as a unit, engaging decision makers with local people and creating new links
and stronger relationships to enhance and preserve naturally occurring social support
systems. The third key point emphasises ‘place attachment’ as a stimulus. This is the driving
force behind many community based initiatives comprised of individuals that live in
communities who feel a strong attachment to their area. This increases the likelihood of the

community to rebound and recover from issues that threaten their vulnerability.
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To conclude, communities are complex, which often makes it difficult to encourage societal
change. However, data from several studies outline various methods of tackling these
obstacles, many of which focus on bridging gaps between community members, responding
community members (volunteers) and responding professional community (governing

bodies, local authorities etc.), which can significantly reduce vulnerability.

2.10 Open Source

The research brief outlines that the outcome of this study is to provide a community-
based design initiative for open-source, used centred design. Currently there is a large body
of literature published on open-source software (OSS) design and open-source technology,
however, little information has been published on open-source product design. According to

opensource.com,

“The term "open source" refers to something people can modify and share because
its design is publicly accessible” and open-source software is “Open source software
is software with source code that anyone can inspect, modify, and enhance.”

(RedHat, 2016).

Essentially, open-source in relation to user-centred design describes an artefact, or range of
artefacts, that are available for the consumer to modify its use to suit a variety of needs. For
example, rubber bands have the primary function of holding multiple items together,
however they now have several uses like; hanging objects, a hair band, an eraser, an

electrical insulator etc.

ng Community & -

.- Responding Professionals -

Obtai
information w

Figure 7 Bridging the Gap between Information and Community Members — Source: (Self-generated) 25



The objective of this research is to increase community resilience through a community
based initiative linked to a product or range of products that can aid communities
vulnerable to flood related events. To achieve this through product design, User Experience
(UX) and User Interface (Ul) were explored to gain a greater understanding how people

interact with open-source technology and products available at present.

In the report, Innovation by User Communities — Learning from Open-Source Software, Eric

von Hippel compares two methods of distributing user innovations. He states that;

“For information products, general distribution within and beyond the user
community is carried out by the community itself — no manufacturer is required. For
physical products, general distribution typically requires manufacturers.” (Hippel,

2001).

He argues that open-source software is more advantageous because it can be distributed
for free as it is just information, whereas the production of a physical product requires
economies of scale. In light of his argument, it is true that OSS is an efficient tool and
requires less processes than that of a physical artefact, however, research findings
suggested that a combination of the two could provide a more integrated a more

advantageous solution.

2.11 User Experience (UX)
User Experience (UX) is represented as being;

“Every aspect of the user's interaction with a product, service, or company that make
up the user's perceptions of the whole. User experience design as a discipline is
concerned with all the elements that together make up that interface, including
layout, visual design, text, brand, sound, and interaction. UE works to coordinate
these elements to allow for the best possible interaction by users.” (Usability

Professionals Association, 2010)

UX is linked to almost every aspect of our daily lives, especially in relation to products and

services. Open-Source Software (0OSS) is a tool that is widely available to users where they
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can inspect, modify and enhance this operating system, therefore it needs to be user-
friendly and have a well-designed User Interface (Ul). When designing a physical product for

human use, the designer must consider the enhancement of user satisfaction throughout.

UXis a crucial element in human to product interaction but can also benefit human to
human communication, by enhanced information sharing and product usability through the
transfer of data using OSS. In a report on the use of social media as an information source
for rapid flood inundation mapping, the advantages of using social media in gathering
gualitative information, and the benefits of retrieving primary data on flood related issues

are outlined.

“...social media as an information source for rapid inundation mapping provide the
opportunity to close the information gap when traditional data sources are lacking or

are sparse.” (Fohringer, Dransch, Kreibich, & Schroter, 2015)

To conclude, OSS greatly serves the enhancement of knowledge transfer. The aim of
this research project is to combine Open Source Software and Product Design, both of which
will incorporate User Experience and User Interface to allow individuals and groups to
operate these products easily. A combination of methods for improving flood resistance will
aid shared knowledge and skills between communities with the aim of increasing

community engagement and, in turn, result in strengthened capacities.

2.12 Conclusion — Expected Impacts

Throughout this literature review a foundation of knowledge was gathered on areas
related to global warming which provided insight into three key areas; Global Warming,
Natural Disaster Impacts on Communities and Community Resilience. Information was then
collected on factors that impact these three key areas, such as; Knowledge and Skill

Transfer, Social Vulnerability, Open Source Technology.
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Conclusions that have been drawn from this research include;

Communities are extremely complex units comprised of economic, social, physical and
institutional components. If the relationship between these units is disrupted by an event
such as a flood, the community becomes vulnerable and susceptible to damage. In order to
maintain and strengthen relationships within the affected community, then the
collaboration, integration and cooperation of the responding community and the
responding professional needs to be established, developed and perfected. This can be
accomplished by focusing on enhancing information exchange through open-source
technology and software, establishing links between the responding professionals,
responding community members and affected community, transferring methods for
adaptation, decreasing social vulnerability and using user-driven knowledge to address
multidisciplinary and integrated approaches (See Figure 8). This infographic outlines the

gaps in existing knowledge, particularly at national level.

As communities are classed as being extremely complex, it makes it difficult to implement
societal change, however, research suggests that the appliance of adaptation technologies
can provide long term benefits for vulnerable groups and progressively influence changes
into society. Using social mapping as starting point, it aims to create awareness on the areas
that are most susceptible to flooding. The introduction of advanced methods for knowledge
and skill transfer will enhance community capacities within areas prone to flooding and
allow information to be adopted and integrated into other communities. By creating a
stronger connection within communities and extending links across at national level, a
larger archive of knowledge is generated. The addition of success stories, communicated
through an online platform, provides communities with a benefit statement, enticing

individuals to engage in new and existing successful community group based initiatives.

The evidence from this literature review suggests that there are many factors that must be
taken into consideration when enhancing community endurance. The complexity of
different community groups highlights the difficulties associated with the introduction of a
new community based initiative. A slow integration of knowledge, skills and technology, can
over time, alter behavioural patterns and entice community groups to engage in community

led initiatives geared towards minimising the effects of flood related events.
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Global warming resulting in climate change has been identified as not being universally
accepted by people across the globe. There is a huge emphasis on the effects of climate
change at global level but little has been seen at national level. It has been identified,

through secondary research that the link between Global Warming resulting in Climate

Change and new extreme flood events at national level is missing.

The original working title outlined the development of a community-based design initiative
for open-source user-centred design solutions. This, along with existing gaps in knowledge
identified in the literature, such as the need for transferring old and new flood related data
through open-source technology and software, assisted in the development of the following

research questions;

e What are the necessary elements needed to assist in empowering a vulnerable
person or group of people?

e How can societal change be enhanced through open-source, user-centred design
solutions?

e Could the integration of skills and technology along with existing and new knowledge

enhance community preparation against flood related events?
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3.0 Methodology

3.1 Introduction

This chapter outlines the appropriate research methodologies selected to establish

the structure for the development of this research project. Methodologies selected include;

e Grounded Theory

e Narratives
Each methodology was chosen based on;

e Suitability to the research area

e Ethical Considerations ensuring selected methods work in compliance
with IT Carlow’s Ethics in Research Policy

e Timeframe controlling each phase of the project

e Expected Outcomes and how each method could facilitate the best result

e Feasibility for grounding the research

e Limitations impacting the breadth of research carried out

The original working title “A community-based design initiative for open-source, user-
centred design solutions against flood events affecting communities” provided the
researcher with a starting point for exploration, highlighting the themes; community-based,
open-source, user-centred design and flood events. These themes were analysed in an
initial research period through the investigation of secondary sources as highlighted in

Chapter 2 — The Literature Review.

Conclusions extracted from the literature review highlighted that the introduction of
enhanced knowledge, skill and technology transfer could provide communities with the
tools for implementing change and inspiring affected communities. This, combined with
open-source product design, may provide the framework necessary to prepare, cope, resist
and recover from flood events. These findings provided the researcher with the groundwork

for the formulation of a hypothesis.
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‘It is possible to increase community capacities for mitigating the effects of
flooding by facilitating the transfer of knowledge, technology and skills

through open-source, user-centred design’.

The hypothesis highlights that in order to create community empowerment, links between
responding professionals, responding community and affected community members need

to be strengthened through enhanced knowledge, technology and skill transfer.

Fire Department Responding
Health Services Professionals
Civil Defense

County Council

Local Volunteers

Affected

Community

Responding

Local Organisations Community

Figure 9 Responding Professionals, Responding Community and Affected Community
Members - Source: (Self-generated)

This, in turn, may provide the foundation needed to increase community capacities for

minimising the effects of flooding by:

e Financially — Increasing preparation before a flood event occurs,

e Socially — Reducing the feeling of isolation between community members
and within communities,

e Environmentally - Providing protection for property, land, livestock etc. and

e Economically — disrupting employment, transport, tourism etc.
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This research aimed to explore how communities are affected by flooding and what
elements within communities structures need to be strengthened to increase

empowerment.

3.2 Establishing Appropriate Methodology

3.2.1 Epistemology

For this research study, the researcher followed a constructivist and transformative
paradigm. The constructivist paradigm allowed the researcher to construct their own
subjective representations of objective reality. The transformative paradigm facilitated the
use of qualitative methods for data collection involving key stakeholders throughout the
research project. These approaches used research methods such as unstructured interviews,
participant observations, focus groups etc. and ensured an empathetic approach to the
research undertaken. These qualitative methods helped to develop an understanding of the
“values, opinions, behaviours and social contexts of particular populations.” (Family Health

International, 2005)

Qualitative research enhanced the researcher’s knowledge surrounding issues related to
flooding from the perspective of affected community members impacted by weather
related events. Qualitative research methods facilitated a flexible approach toward the
interactions between the researcher and each participant involved in this study. Open-
ended interviews resulted in a conversational approach allowing the participants to respond

in their own words rather than a simple “yes” or “no” answer.

3.2.2 The Approach

The constructivist and transformative paradigms followed an inductive approach for
gualitative data analysis. Inductive reasoning as a “bottom up” approach is an efficient
method for analysing qualitative data. Observing specific patterns offered clear direction

and provided a tentative hypothesis for further investigation.

According to Thomas, the three primary purposes for using a general inductive approach

are;
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“1. To condense extensive and varied raw text data into a brief, summary format,

2. To establish clear links between the research objectives and the summary findings
derived from the raw data and

3. To develop of model or theory about the underlying structure of experiences or

processes which are evident in the raw data.” (Thomas, 2003)

Thomas claims that an inductive research approach allows for findings to emerge from
dominant themes within raw data as opposed to structured methodologies which can
impose restrictions on the research outcome. This allowed for the investigation into
community-based, open-source, user-centred design solutions against flooding to be
unconstrained. By following an inductive approach the researcher could identify gaps in
existing knowledge and extract common strengths and weaknesses within each area being

examined.

3.2.3 Action Research

Action Research or Active Research (AR) allows the researcher to identify a question
or questions, test a strategy, gather data and determine if the chosen strategy works.
Bridget Somekh (2017) outlines that AR is differentiated from other forms of research by
how it is an integration of both research and action. AR bridges the gap between research
and practice. Jack M. Pernecky (Press & Education, 2017) expresses that the most important
aspect of AR is that it grows the researcher’s understanding of the research area. AR is a
fundamental element to any research project. One round AR was used to assist in the

development of a hypothesis from data collected during this study.

3.2.4 Grounded Theory

Theory that is established using an inductive research approach to the collection of
data is referred to as Grounded Theory. The 1967 publication by Barney G. Glaser and
Anselm L. Strauss, The Discovery of Grounded Theory: Strategies for Qualitative Research,
provides the foundations for how theory developed from data can be furthered. Grounded
Theory ‘provides relevant predictions, explanations, interpretations, and applications’.

(Glaser & Strauss, 1967) Glaser and Strauss highlight that prior to being confined to the
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method of coding, the researcher must constantly redesign and reiterate theoretical notions
as the material is reviewed. Joint collection, coding and analysis of data follow an iterative

process throughout research to establish and justify newly generated theories.

Theoretical Sampling involves the collecting, coding and analysis of data. The emerging
theory helps define the data that needs to be collected next. This is a key component for

developing grounded theories.

“Theoretical sampling necessitates building interpretative theories from the

emerging data and selecting a new sample to examine and elaborate on this theory.

(Glaser & Strauss, 1967)

Theoretical Saturation is one of the main components within this sampling strategy. The
researcher carried out theoretical sampling until saturation was reached. In the 2006
publication, Constructing Grounded Theory, by Kathy Charmaz (2006), Theoretical

Saturation is described:

“Categories are ‘saturated’ when gathering fresh data no longer sparks new
theoretical insights, nor reveals new properties of your core theoretical categories.”

(Charmaz, 2006)

Grounded Theory, similar to the design process, follows constant iterative
development and, therefore, was selected as an appropriate method for data collection and
analysis. This methodology allowed the researcher to develop questions based on findings
from the literature review. These questions were then carried through the project and

addressed in the field research and design phases.

3.4 Data Collection

The researcher followed an interpretivist approach using qualitative methods for
collecting data. Open-ended and semi-structured interviews with representatives from
various Governmental Bodies and stakeholders provided insight into the research area. This

allowed for the generation of a loose framework that facilitated a flexible design approach.
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The researcher utilised field research, narratives and an internship experience to gather
experiential data relevant to the research area. Data related to stakeholder experiences

concerning flood events was gathered through open-ended interviews.

Narratives allowed the researcher to assess individual community levels of flood risk
management and identify key elements needed within communities to allow for self-

empowerment.

An internship undertaken by the researcher provided valuable insights into the work of
communities at global level and to observe the execution of strategies designed to help

mitigate the effects of climate change.

The majority of methods utilized, resulted in the collection of knowledge through
stakeholder experiences, leaving the emerging data open to researcher interpretation. Data
collected provided the researcher with sufficient knowledge for achieving a balanced
understanding the effects of flood events on communities at national and international

levels.

3.5 Data Analysis

Qualitative data analysis was carried out after information was gathered through
interviews, focus groups, observation and document analysis. Qualitative data analysis,
involving labelling and coding, was carried out in order to form a clear understanding of
factors related to each scenarios being investigated. Participant samples consisted of 20+
individuals. This allowed for the development of a large database of information based on
individual and collaborative experiences relevant to each case study area. The data collected
was coded and analysed to identify contrasting themes and reoccurring patterns within and
between communities. This helped the researcher establish gaps in existing knowledge and

highlighted key elements required for engaging community members.
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3.6 Research Design

The research was broken into phases to facilitate the collection of theoretical
knowledge. The mixed methods approach allowed both primary and secondary research
methods to be utilised throughout. Results from primary and secondary research informed
and guided each phase of this study. In order to develop a clear understanding of how the

research was carried out, each phase will be discussed in isolation.

3.6.1 Research Phase One: Literature Review

The literature review acted as an initial investigation into existing knowledge and
aimed to expand the researcher’s understanding of the specified area. The majority of
literature sourced stemmed from online articles and published documents. The review of
current literature granted the researcher the opportunity to identify gaps in existing
knowledge. This initial enquiry formed the foundations for generating research questions

that provided direction for this study.
Research Questions:

1. What are the necessary elements needed to assist in the preparation and
empowerment of a vulnerable person or group of people?

2. How can societal change be enhanced through open-source, user-centred design
solutions?

3. Could the integration of skills and technology along with existing and new knowledge

enhance community preparation against flood related events?

The investigation into current literature allowed the researcher to conduct primary research
whilst having a strong understanding and awareness of existing knowledge related to the
research area. The selection of appropriate methodologies for conducting primary research

was influenced by the analysis of this secondary data.
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3.6.2 Research Phase Two: Field Research

Field research in the form of participant interviews were conducted during the initial
stage of the research project and throughout. The research area became highly topical
within the first four months of the project. Ireland, amongst several other countries, were
impacted by extreme flood events that saw many communities severely damaged. Due to a
limited amount of published literature on flood events prior to the flood of 2015/16, it was
important to make contact with individuals who possess first-hand knowledge in the

research area.

Initial interviews were conducted with representatives from Local Authorities and
Governmental Bodies. Ethical considerations indicated that contact made with members of
the community would be initiated by a gatekeeper who would open up channels of
communication with potential participants. This approach facilitated the use of semi-
structured interviews with gatekeepers and unstructured interviews with individuals.
Interviews with participants were informal and unstructured to allow the interviewee to
respond freely and express their own opinions. This qualitative approach helps emphasise
the researchers concerns and facilitates the extraction of information that the participant

feels to be relevant or important.

3.6.3 Interviews with Local Authorities and representatives from Government Bodies

Initial interviews were carried out to achieve a clear understanding of the roles
played by members of local authorities and people employed by the Government during a
flood event. This allowed the researcher to assess the dependence of community members
on these organisations and the interdependence of these organisations on each other.
Interviews were semi-structured and guided by questions specific to flood related issues,
however if the participant felt the need to express an opinion that may not have been
brought up during questioning, they were permitted to do so. Each interview was conducted
in a public location as to allow both the researcher and the participant to feel at ease. Some

participants were interviewed on several occasions as the research project progressed.
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3.6.4 Interviews with community members

Interviews with community members followed a similar approach. Each interview,
organised through a gatekeeper, was conducted in a public location chosen by either the
gatekeeper or the participant. Each participant was issued with a ‘Participants Information
Sheet’ that provided a background to the research area along with its aims and objectives. A
full version of the ‘Participants Information Sheet’ can be found in Appendix B. Questions
were open-ended and were used only to guide the participant through the conversation.
The researcher used short hand note taking and/or voice recording equipment to document

each interview which were later transcribed and stored accordingly.

The research analysed each interview and extracted key themes within the data. These key
themes were compared with secondary research findings. From this a hypothesis was

formed.

Hypothesis: It is possible to increase community capacities for mitigating the
effects of flooding by facilitating the transfer of knowledge, technology and

skills through open-source, user-centred design.

3.6.5 Research Phase Three: Narratives

This phase of the project offered the researcher the opportunity to gain a broad
knowledge and understanding of a particular scenario or a collection of related scenarios.
Secondary research highlighted that the majority of communities across Ireland are poorly
prepared to cope, resist and recover from flood events. However, a small number
communities exhibited positive levels of community engagement resulting in increased
community empowerment against floods. In order to validate these initial findings and
explore the key factors that have led to particular communities being more resilient than

others, two primary case studies were carried out.

Narrative one involved Skibbereen in County Cork a town that demonstrated a high level of
community resilience and case study two involved Thomastown in County Kilkenny who
were less resilient as a community. This research aimed to extract key factors within
Skibbereen for enhancing community capacities. From this, a flood model and social

resilience model were generated.
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With each narrative, the researcher was assisted by a gatekeeper or multiple gatekeepers
linked to that community. The primary objective was to obtain a clear understanding of
each area and how previous floods have impacted these areas. Conducting narrative studies
allowed the researcher to analyse and assess these areas from on an observer’s perspective

whilst being guided by feedback provided by the stakeholders it involves.

Methods utilised for data collection included investigation into existing publications and
participant interviews. The researcher gained a general understanding of the areas through
online research and documents published on relevant flood related incidents. Once a
sufficient body of knowledge was developed, the researcher organised interviews with
members of the community through gatekeepers. Unstructured interviews allowed each
participant to provide a general overview of the community response during a natural
disaster. This information facilitated the mapping of key engagement points within
communities and how effectively they work in relation to flood events. Three community

resilience status infographics were generated. These can be seen in Chapter 4.

3.7 Reliability and Validity of the Research

Qualitative research is used to explore social phenomena experienced by individuals
in their natural context. It is often criticised as being ‘subjective’, however, it is clear that no
research project can be purely ‘objective’. It is important to understand how and where
gualitative research is integrated in the research process. Richards highlights that this
challenge is “captured by Angrosino and de Pérez (2000: 689) writing from the perspective of

ethnography:”

“[T]he ethnographer may need to realize that what he or she observes is
conditioned by who he or she is, and that different ethnographers — equally well
trained and well versed in theory and method but of different gender, race or age
— might well stimulate a very different set of interactions, and hence a different set
of observations leading to a different set of conclusions.” (Angrosino & de Perez,

2000)
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In order to demonstrate the reliability and validity of the research undertaken the

researcher implemented strategies to verify findings. Some of these strategies include;

e Being aware of personal prejudice related to the research area that may
impact on findings

e Constant evaluation and reflection of methods utilised to ensure the
collection of data and analysis was of sufficient depth and relevance

e Ensuring all data was collected and stored to demonstrate how findings
steered the project in a particular direction

e Conducting case studies to identify differences and similarities between
communities ensuring that a collection of contrasting perspectives and
opinions were represented

e Presenting in-depth descriptions of participant reports to support research
findings

e Engagement with other researchers to minimize research bias

e Interaction with participants throughout the research project in order to gain
stakeholder opinions on the research direction being proposed for further
exploration

e Utilizing data triangulation techniques to verify the accuracy of research

findings achieved through the use of multiple methods of data collection

Validity within quantitative research is said to be somewhat easier to evaluate than that of
qualitative research. This is due to the scientific rigour related to quantitative data analysis.

Noble and Smith outline that;

“Unlike quantitative researchers, who apply statistical methods for establishing
validity and reliability of research findings, qualitative researchers aim to design and
incorporate methodological strategies to ensure the ‘trustworthiness’ of the findings”

(Noble & Smith, 2015)

Interviews involving members of Government Bodies and community members, case
studies and an internship experience with the UNFCCC were triangulated to provide

validation for this study. The researcher presented the outcomes of this research to a
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number of community members involved in the study, which provided verbal validation for

the proposed solution for increasing community resilience against flood related events.

3.8 Ethical Considerations

Ethics in research, also known as moral philosophy, “focuses on providing guidelines
for researchers, reviewing and evaluating research, and establishing enforcement
mechanisms to ensure ethical research.” (Aguinis & Henle, 2004). The research project
complied with ethical guidelines outlined in The Institute of Technology Carlow’s Ethics in
Research Policy. This policy represents a clear articulation of the research project, its

methods, aims, objectives and outputs. Guidelines covered in this document include;

e An outline of the size and composition of participant samples

e Methods for participant and selection, approach and recruitment

e Procedures for maintaining participant confidentiality

e A description of how data is gathered, stored, handled and anonymized

e Locations proposed for conducting research

3.8.1 Participant Information Sheet

In compliance with the Ethics in Research policy and highlighted in the Application for
Ethical Clearance (AEC), contact with participants was facilitated by a gatekeeper. Prior to
any interview being conducted, participants were issued with a ‘Participant Information

Sheet’ outlining the following;

e Objectives of the research project

e Research methods expected to be utilized

e An outline of the participants involvement in the project

e Why their involvement is necessary

e Any possible risks associated with conducting research and how they will be
addressed

e Expected benefits of the research

e The participant’s right to withdraw at any time
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e How the research findings will be stored and used
e To whom it will be reported

e Confidentiality and anonymity of the participant

3.8.2 Ethical Issues

With any research project, the researcher must be aware of any ethical issues that
may arise when conducting field research involving stakeholders. It important that the
researcher recognizes how to deal with any concerns that may emerge. Ethical issues

considered for this research project are as follows;

e Be sensitive to the needs of vulnerable populations

e |dentify a research problem that will benefit participants
e Treat all participants equally

e Avoid collecting harmful information

e Respect the privacy and anonymity of participants

e Avoid siding with participants

e Disclose the purpose of the study

e Avoid putting any pressure on participants

Ethical clearance was achieved by the researcher before any primary research involving

community members was carried out.

43



3.9 Limitations of the Research

Due to the 24 month period allocated to this research study, time dedicated to each
phase was limited. This imposed restrictions on the extent of work carried out during each
phase of the project. A 3-month internship at the United Nations Framework Convention on
Climate Change (UNFCCC), from August to November 2016, proved to be very beneficial,

however, the internship impacted on the overall duration dedicated to this study.

Action research was applied to this study as an appropriate methodology, however, only
one round of action research was carried out. It is suggested that action research be carried

through to a deployment and testing phase to assist in further developing the project.

Ethical considerations outlined that communication with participants must be achieved
through a gatekeeper. This was a lengthy process when organising interviews that
accommodated both the gatekeeper and the participant. Due to the difficulty and time
consumption in organising one on one interviews it became almost impossible to set up
workshops comprised of more than one community member. This prevented the researcher

from obtaining feedback from group sessions which may have highlighted additional issues.

For future research, is it suggested that workshops should be utilised as a method of
collecting collaborative data from community members. This approach allows for a more
holistic approach for gathering information specific to each community involved in the

research study.
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3.10 Conclusion

The methodologies highlighted in this chapter frame the approach employed by the
researcher. The interpretivist paradigm is complimentary to the researcher’s educational
background and follows an iterative approach to the collection of data. Mixed
methodologies were utilised, in the form of qualitative methods, throughout the research
project. The mixed methods approach allowed the researcher to frame the study among

philosophical and theoretical positions.

The inductive research approach followed throughout this project is consistent with the
design process. This process focuses on user experiences and user-centred design, ensuing a
‘bottom-up’ approach to the study. Steps associated with the ‘bottom-up’ approach include;
Observation of the user/s associated with the specified issue, identification of emerging
patterns between thematic areas, generation of a tentative hypothesis and development of
a theory based on these findings. This chapter highlights the role of the design process
within academia and the benefits of utilising a design led approach when conducting

research.

Findings generated from both primary and secondary research phases resulted in the
development of an infographic (See Figure 10) that highlights the key outcomes from the

Literature review (Figure 8), Field Research (Figure 11) and the Internship (Figure 12).
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3.11 Field Research

3.11.1 Interviews

The initial phase of field research conducted comprised of interviews. Conducting
interviews aims to achieve a greater understanding of the research area from the opinions
and perspectives of its stakeholders. “At the root of in-depth interviewing is an interest in
understanding the lived experience of other people and the meaning they make of that
experience.” (Seidman, 2006) Findings generated from initial interviews were compared
with secondary research findings to identify contrasting and complimentary themes.

Transcripts and shorthand notes on each interview carried out can be found in Appendix B.

Initial interviews were conducted involving members from Government Bodies and

Organisations including;

e Carlow County Council

e Carlow Fire Department

e Carlow Weather

e Waterford Civil Defence

e Centre for Marine and Research Energy (MaREl)

e Skibbereen County Council

e Office of Public Works (OPW)

e United Nations Framework Convention on Climate Change (UNFCCC)

Adaptation

Introductory interviews aimed to contribute to the researcher’s knowledge on the area from
a Government Representative and Emergency Services point of view. Interviews involving
Carlow County Council, Carlow Fire Department and Waterford Civil Defence offered insight
into the emergency support offered, at county level, to community members affected by
flooding. This approach also assisted the researcher in opening up various channels of

communication with community members.
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Participant interviews were conducted involving community members from areas including;

e Skibbereen, Co. Cork
e Thomastown, Co. Kilkenny
e |Inistioge, Co. Kilkenny

e Graiguenamanagh, Co. Kilkenny

Participant interviews aimed to provide the researcher with valuable insights into flood
events experienced by affected community members. Interviews in Skibbereen, Co. Cork
were conducted with active community members who assist the Skibbereen community
during flood events. Thomastown, Inistioge and Graiguenamanagh interviews involving
affected community members provided the research with information related to their
personal experiences associated with flooding. This approach facilitated an inductive
approach toward the development of an effective solution for enhancing community

empowerment.

3.11.2 Approach and Method

Interviews with Government Bodies and affected community members were
generally one-on-one followed a semi-structured approach. Semi-structured interviews
allowed the researcher to extract information that they felt to be relevant based on
knowledge achieved through secondary research. Open-ended interviews with community
members allowed the participants to speak freely based on their own perspectives and
opinions and raise issues that they felt to be important. “Researchers encourage
participants to talk about issues pertinent to the research question by asking open-ended
questions, usually in one-to-one interviews.” (Tong, Sainsbury, & Craig, 2007) Data gathered
from the literature review guided the selection of appropriate methods for conducting field

research.

Voice recorded interviews were transcribed and interviews documented through shorthand
note taking were recorded and stored accordingly. Key findings related to the research
project was extracted from these interviews and used to inform the next stage of research.

Transcripts of these interviews can be found in Appendix B.
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3.11.3 Carlow County Council

Interview one involved a representative from the Local Civil Defence. Several
interviews with this participant were held in the County Buildings, Athy Road, Carlow. The
Civil Defence is a voluntary organisation that offers support to front line emergency services
and assists communities in dealing with events such as extreme weather, flooding, accidents
and searching for missing people. There are currently 4,500 volunteers nationally within the
Civil Defence. The aim of this interview was to gain insight into the role of the Civil Defence
during flood related incidents at local level. It provided the researcher with insight into how
floods are dealt with at local level and how emergency services respond to extreme weather
events. The participant expressed extensive knowledge on flood events in Carlow and
provided info on what has been done to mitigate local flooding. The interviews were

recorded through shorthand note taking.
Key findings from these interviews include;

e There are “little community based activities” in Carlow in relation to
flooding.

e Waterways Ireland monitor water levels and alert Carlow 24 hours
before a flood is expected to hit.

e Community members are notified of flooding through the media e.g.
KCLR — fastest method for distributing information.

e The civil defence do not have a general protocol for flooding — they

just “react to the situation at hand”.

3.11.4 Carlow Fire Department

Interview two involved a member of Carlow’s fire department. The participant had
previously spent eight years working with the Civil Defence. Carlow Fire and Rescue Service
is set up to respond rapidly and efficiently to fires and other emergencies throughout the
county. Fire Services in Ireland are funded by the Government, annual rates collected from
commercial premises, charges for attending fire related incidents and fire service

inspections. Full-time professional fire fighters occupy cities and large urban areas while
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retained part-time staff service rural areas and are available for emergencies at all times. All

fire stations provide a 24-hour on call service.

This interview aimed to provide an outline of the work carried out by Carlow Fire

Department during flood related events.

The Interview was recorded using short hand notes. Key findings from this interview

conclude that Carlow Fire Services;

e Provide initial emergency response.

e Are responsible for providing assistance for rescuing people,
deploying sandbags, directing staff, closing roads, diverting people,
deploying road signs etc.

e Provide assistance in the ‘clean-up’ period.

3.11.5 Centre for Marine and Renewable Energy (MaREl)

The MaREl is the marine and renewable energy research, development and
innovation centre. It incorporates the expertise of various research groups and industry
partners aiming to solve challenges related to marine and renewable energy sectors. This
interview aimed to achieve a greater understanding of the work that MaREI do and explore
the possibility of a collaboration between MaREIl and this research project. The participant
provided a brief outline of what they do including working with local authorities, hosting
workshops, analysis of past flooding events, mapping out areas affected and assessment of
impacts on social and economic levels. This brief interview was conducted via telephone and

recorded using shorthand notes.
Some key points extracted from this interview include;

e Working with the community — community members possess the best
knowledge about their own areas.

e Assisting in guiding members of the public toward the information
that they need.

e Working with active community groups.
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3.11.6 Office of Public Works (OPW)

The Office of Public Works is a client focused service organisation aimed at ensuring
a prompt delivery of services and value for money. Their two main areas of responsibility
include Estate Portfolio Management - Heritage Services and Flood Risk Management. The
OPW aims to minimise the impacts of flooding through sustainable planning. The objective
of the interview was to achieve a broader understanding of the levels of engagement
between the OPW and affected communities, what areas do the OPW focus their works on
and whether flood defences being proposed and implemented are capable of withstanding
accelerated climate change/flooding. Communication with the participant via email
determined the method utilised for collecting data. A short questionnaire was provided to

the participant.
Key points extracted from this questionnaire include;

o “We engage heavily with the public and stakeholders in
communities...”

e “...we have held nearly 400 Public Consultation Days (PCDs) to consult
on the flood maps and the options for resolving the flood problems for
that community.”

e “.we give members of the community the opportunity to come in to
see the maps or options, and have face-to-face discussions with the
team...”

e “.structural flood protection works remain and will remain one of the
corner-stones of our work.”

e “..we have assessed and mapped the flood risk for two future
scenarios that take into account the potential impacts of climate

change.”

A complete version of the questionnaire can be found in Appendix B.
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3.12 Interviews with Community Members

3.12.1 Skibbereen, Co. Cork

Interviews with community members in Skibbereen were conducted as part of a case
study. Participants included members of the Civil Defence, Cork County Council and
Skibbereen Fire Department. The purpose was to gain a deeper understanding of the key
elements that have been successful for increasing their capacity for minimising the effects

of flooding.

Responding Professional; “When a flood event is predicted, we hold a meeting in the
Civil Defence Headquarters between members of the Fire Department, Gardai, Civil

Defence, Local Authorities and members of the local flood committee”

3.12.2 Thomastown, Co. Kilkenny

Initial interviews in Thomastown involved active community members. Interviews
involved residents of the Thomastown community. The interviews provided insight on
Thomastown’s fight toward mitigating flooding and their intentions for future adaptation.
These meetings highlighted the level of community engagement in Thomastown and their

willingness to generate a higher level of community vigilance within the town.

Responding Community Member; So the idea is, attenuation, slowing up, taking the
energy out of the water, leaky dams, slowing it down, next stage, next stage, so the
slow release and that has to be, that could account for, you know, a huge amount of,

if we got that into our, how would you say, Modus Operandi”

3.12.3 Inistioge, Co. Kilkenny

Interviews in Inistioge involved members of the community who experienced
flooding. Majority of interviewees were of an older demographic and are long term
residents in the town. Some of these participants had been affected by flooding on more
than one occasion. Interviews were conducted alongside Councillor Michael Doyle who is
heavily involved in the community. The purpose of conducting these interviews was to gain

knowledge on the flood status of Inistioge, to obtain insights into the existing level of

52



community engagement and to establish how future engagement might be improved. Each
participant provided the researcher with information on their own personal flood

experiences and voiced their opinions on how the problem may be alleviated.

Affected Community Member; “In 2016 my home flooded. It was a combination of

the rain, non-dredged river and change of winds.”

“I looked out on the Friday evening and the water was being swept by the winds. |

said to myself, oh God, I’'m definitely going to get it now”

“Coming down the stairs was the most frightening thing.”

3.12.4 Graiguenamanagh, Co. Kilkenny

A single interview was conducted in Graiguenamanagh involving one participant.
This interview provided insight on the current flood status in Graiguenamanagh, highlighting
the participants experience with flooding, methods for protection currently in place and

their plan for the future.

Affected Community member; “In 2016, the water, in the middle of the night, about
three in the morning, got over the flood doors. We thought it would stop, obviously, before it
got to that height. It got over my flood doors and that hit the electricity then, so my pumps

cut out etc. So the whole place filled up and we had quite a lot of damage in 2016.”

Full descriptions of these case studies can be found in Chapter 4 — Narratives.

3.13 Ethical Considerations

As mentioned in Chapter 3 - Methodology, Ethical Considerations, affected community
members were selected by a gatekeeper who opened up channels of communication
between the researcher and the participant. Interviews were conducted in public settings

and followed an open-ended approach.
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3.14 Outcome / Findings

Findings from initial interviews highlighted that the majority of communities are
poorly prepared for dealing with flood events. Communities have a high level of
dependency on local authorities and government bodies to provide assistance on preparing
for extreme weather conditions. The majority of communities are unaware of how to
implement measures for preparing, coping, resisting and recovering from extreme weather

events.

Communities like Skibbereen in County Cork have a high capacity for dealing with flooding
and over the years have implemented measures for mitigating flood events. These
measures have proved extremely beneficial for the Skibbereen community. It was evident
that the knowledge, skills and technology witnessed within the Skibbereen community

could be beneficial to and be transferred to other less prepared communities.

3.15 Narratives

3.15.1 Approach and Method

Narratives provide an in-depth and holistic investigation into areas that experience
flooding. This method was selected in order to thoroughly explore community based issues.
The narratives generated for this project aimed to map out the key activities that occur
within specific communities before, during and after a flood event. This process also
facilitated the mapping of key community engagement points within each area to assess
levels of community engagement. Detailed descriptions of the research carried out in these

specific areas affected by flooding can be found in chapter 4.

3.15.2 Skibbereen, Co. Cork

Research carried out in Skibbereen, Co. Cork aimed to highlight how they have
generated a high level of self-empowerment. This area was used as a benchmark for
generating a flood resilience model aimed at creating awareness for other communities to
reduce the effects of flood related events. Information gathered on Skibbereen’s flood

resilience status was achieved through interviews with community members and local
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authorities. The researcher carried out a field study alongside a member of the local Civil
Defence. Here, the researcher was taken through each step carried out by both community
members and local authorities before, during and after a flood event. This information was

then synthesized and from this an infographic was developed to communicate findings.

3.15.3 Thomastown, Co. Kilkenny

A similar process was carried out in Thomastown alongside a member of the
community. The researcher was provided with in-depth knowledge on the processes carried
out by the community during a flood. The Thomastown narrative was used an example of a
less resilient community in Ireland. An infographic was generated displaying Thomastown’s

flood resilience level.

3.15.4 Inistioge, Co. Kilkenny

Similar to Thomastown, field research was conducted to generate a clear
understanding of the flood awareness levels in Inistioge. Interviews involved a member or
the Tidy towns and the local Councillor who supervised interviews with affected community

members.

3.15.5 Outcome / Findings

Findings generated from conducting research in these locations showed that there is
a need for increased knowledge, skill and technology transfer between communities. (See
Figure 11) Through investigation into published documents on Ireland’s current position on
flooding combined with these narratives showed that the majority of communities lack
preparedness. Fostering the transfer of local knowledge, skills and technology between
affected communities was identified as a key building block to promote and enhance links
between members, responding community and responding professionals in these

communities.
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3.16 Internship

The researcher completed an internship with the United Nations Framework
Convention on Climate Change from late August to early November 2016. The principle task
was to collaborate with the technology team to ensure the delivery of the redesigned TT:
CLEAR website in time for the Conference of the Parties (COP 22) in Marrakesh, Morocco.

Other activities of this internship position included;

e Support in Developing Publications

e Implement Social Media Campaign for TEC 13

e Reading

e Updating Technology Portal

e Undertake Maintenance to TT:CLEAR to ensure that it remains up-to-

date and error free

3.16.1 Outcome / Findings

The internship position highlighted the importance of technology for the transfer of
information within and between countries. (See Figure 12) Information on successful
Mitigation and Adaptation strategies currently in place, can be sourced through the TT:
CLEAR website, allowing countries to adopt appropriate strategies. These success stories are
also used as a benefit statement to entice countries to invest in climate technologies.
Climate technologies help reduce Green House Gas (GHG) emissions. Knowledge, skill and
technology transfer through an online portal could lead to the distribution of important

information on minimising the effects of flooding at national level.
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4.0 Narratives

Preliminary investigation of the research area highlighted that a small number of
communities across Ireland are more advanced in preparing, coping, resisting and
recovering from flood events. This chapter outlines the investigation into three separate
communities in Ireland, Skibbereen in County Cork, Thomastown and Inistioge in County
Kilkenny. As previously mentioned in the literature review, the research aimed to facilitate a
community-based, open-source, user centred design initiative against severe weather
conditions in waterside communities. Each investigation was conducted through liaison with
responding professionals, responding community members and affected community
members. This aimed to discover, record and analyse existing knowledge banks within
community structures, ascertain their strengths and weaknesses, understand how flooding
impacts these vulnerable communities and to identify existing and possible methods for

decreasing vulnerability.

4.1 Approach and Method

Data was collected through information search, field research and participant
interviews. As outlined in the methodology chapter, each participant was approached and
selected by a gatekeeper. The gatekeeper was the researcher’s first point of contact and
provided an initial overview of the flooding experienced by their community. Field research
was carried out with a gatekeeper related to the area being investigated. The gatekeeper
took the researcher through each stage of a flood event, highlighting activities undertaken
before, during and after a flood occurs. The researcher was shown where flood water
breaches the community, the type/s of floods that occur in these areas and how flooding
has accelerated over the years. This comparative study aimed to develop an understanding
of key components and key players within the Skibbereen community that have led to a
greater level of vigilance and how these key factors could be adopted by Thomastown,
Inistioge and other less organised communities. Data collection methods included
shorthand note taking, photographs and voice recorded interviews. These three methods of

data collection were combined to develop a narrative for each community. The information
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gathered allowed the researcher to analyse and measure each area based on stakeholder

knowledge and experiences.

4.1.1 Un-Weighted Data Analysis — Percentage Analysis Chart

Data extracted from the three areas examined in this chapter was synthesised using
a percentage analysis chart. This chart was separated into three stages (before, during and
after) and within each stage, key activities necessary for dealing with flood related issues
were identified. These charts were developed early in the interview stage and revised
throughout the study to ensure findings were as accurate as possible. Each area was
evaluated and simplified to generate pie charts displaying their levels of both preparedness
and unpreparedness. A full version of the percentage analysis charts can be found in

Appendix B.

4.2 Narrative One — Skibbereen Co. Cork

Skibbereen is a small town in County Cork, and home to more than 2,500 people
(according to the 2011 census). The River llen that runs through the town is tidal and meets
the sea roughly 12 kilometres away at Baltimore. Skibbereen has experienced
approximately 22 significant floods between the years 1943 and 2016. The most recent

floods occurred during the end of 2015 and early 2016.

After Initial enquiry into flooding in Skibbereen, the researcher visited the town to see first-
hand how they deal with flood events. The researcher was assisted by a paramedic who is

heavily involved in flood relief work around the town.

Over the years, Skibbereen have developed methods for dealing with floods. This was
achieved through the collaboration between affected community members, the responding
community and responding professionals. The majority of work is carried out by the
responding community and responding professionals and supported by affected community

members. This can be seen in Figure 13.
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Standard procedure for dealing with a major flood event in Skibbereen is as follows;

© N o U

10.

11.
12.

Early warning system — an infrared gauge 5 kilometres up stream takes readings of
the river levels, allowing the community to determine the possibility of a flood
occurring.
A meeting is called between the Fire Department, Gardai, Civil Defence and the Local
Flood Committee in the Civil Defence Head Quarters.
The Civil Defence HQ set up boards for recording information on their:

- Recognised current situation

- Key issues

- Strategic aims and priorities

- Actions
Prior to any flood event, containers are placed strategically around the town holding
signs, barriers, sandbags, tools and wires for opening storm drains.
Flood defence measures are put in place, sandbags, road signs etc.
A text alert system is activated, notifying community members.
These community members inform the rest of the community increasing awareness.
Depending on the severity the flood, meetings are held regularly to plan and react
accordingly to a flood event.
Flood sensors are situated along the river at critical locations. The sensors collect
data on river levels. This data can be retrieved by SMS.
Residents are assisted by responding professionals (distribution of sandbags,
evacuation etc.)
Hotels provide emergency accommodation, food, water, clothing etc.
After the flood subsides community members and responding professionals assist in

the clean-up and removal of damaged property.
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These methods for dealing with flood events have been developed in response to

the frequent flooding experienced by the Skibbereen community. This iterative process has

led to effective strategic planning, enhanced community engagement and increased

preparation for flood events. The information gathered was synthesised and an infographic

was generated displaying the key activities carried out by responding professionals and

responding community members. This can be seen in Figure 14.
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Figure 14 Skibbereen Flood Response (Self-Generated)
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A second infographic was generated (See Figure 15) mapping out key community
engagement points. This displays the interaction of responding professionals with the
affected community. The Majority of these interactions involve providing information and
assistance to community members. These engagement points represent knowledge transfer

and assistance support provided by responding professionals to community members.

Encorporated User-Driven

Knowledge from the Affected ------ . ;
Community Members X TR e Community Informed about
i Potential Flood

rrry
’rs

% s j
. HEAVY RAINFALL
__.---~ PREDICTED ‘
CALL MEETING IN
CIVIL DEFENCE HQ

Assisted Recovery
Clean Up. Disposal of Damaged ______________ . Community Informed about
Goods, Restoration of Damaged S Rpl =eceeaoms plans and the placement of

Property and Posessions Com lﬂUHlty Resilience sandbags. barriers, road closures et
OO 0 OO .
A Status
~
——
AFTER FLOOD &
SUBSIDES X
£
®
' {D @
24h T
Emergency Response Provided _ EMERGENCY off o ;
for Affected Community Members RESPONSE + SIN3QISTY = el

Flood Status

Figure 15 — Skibbereen Community Engagement Points (Self-Generated)
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A percentage analysis chart was developed by the researcher. The data gathered during
each phase was recorded in this chart and formed a statistical database of knowledge on
Skibbereen displaying levels of preparedness before, during and after a flood. This chart was
created after initial engagement with community members and reiterated throughout. A pie
chart representing this data was developed and can be seen in Figure 16. The original

percentage analysis chart on Skibbereen can be found in Appendix B.

Unprepared

15%

Figure 15 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated)

4.2.1 Outcome/Findings

Findings generated from this case study concluded that;

e Skibbereen have a high level of cooperation between responding

professionals, responding community and affected community members.
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Each component of Skibbereen’s community structure is supported by the
other, enhancing engagement.

Enhanced engagement has resulted in increased community resilience.
The transfer of knowledge, technology and skills has demonstrated

fundamental for moderating flood events.
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4.3 Narrative Two: Thomastown

Thomastown is a town in County Kilkenny and home to just over 2,250 people
(according to the 2011 census). The tidal River Nore runs through the town and enters the
sea at Waterford Harbour. Thomastown does not flood on a regular basis, however,
flooding is becoming more frequent and intensified. The most recent and severe floods

occurred in late 2015 through to early 2016.

After initial enquiry into the area the researcher visited Thomastown to examine their
protocol related to flooding. The researcher was assisted by a local artist who is heavily
involved in the community. The participants house is always first and sometimes the only

home to be impacted by a flood.

As a result of the town not experiencing severe flooding since 1947 until 2009 and 2015/16,

little preparation for a flood related event had been accomplished. This case study aimed to

gain a greater understanding of the current level of preparedness in Thomastown and how

it could be enhanced. Based on the last flood experienced by Thomastown, the following

infographic (Figure 17) was generated to communicate how they are assisted during a flood.
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Standard procedure related to the last flood in Thomastown was as follows;

1. The Civil Defence and Local Engineer were the first to gain knowledge on a
possible flood event.

2. The Engineer informed the community of weather predictions and the possibility
of a flood event occurring.

3. Army and County Council assisted with supplying sandbags, signs and road
barriers to areas needed.

4. Assistance was provided by the Civil Defence, Army and County Council for

emergency response and recovery.

This response to flooding is a result of the new intensified flood pattern as opposed
to the old attenuated flood. This data reveals that the Thomastown community is less
prepared for a flood event. Knowledge derived from these findings was synthesised to form

an infographic that can be seen in Figure 18.
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Figure 17 Thomastown Flood Response (Self-generated)
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From the infographic displaying the key activities carried out by responding professionals
and community members, a second infographic (See Figure 19) was generated mapping key
community engagement points. These engagement points represent knowledge transfer

and assistance provided by responding professionals to community members.
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Figure 18 Thomastown Community Engagement Points (Self-generated)
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A percentage analysis chart generated by the researcher based on data gathered formed a
statistical database of knowledge on Thomastown showing levels of preparedness before,
during and after a flood. This chart was iterated throughout the research project based on
findings. A pie chart representing this data was generated and can be seen in Figure 20. The

original percentage analysis chart can be found in Appendix B.

Unprepared

58%

Figure 19 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated)

4.3.1 Outcomes/ Findings

Findings generated form this study concluded that;

e Thomastown has a lower level of cooperation between responding
professionals, responding community and affected community members.

e Thereis a need for enhanced collaboration between responding
professionals.

e There is a lack of community engagement during each phase of a flood event.

e The before, during and after stages of a flood event need to be strengthened.

e Communication between responding professionals and community members

needs to be enhanced and continuous.
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4.4 Narrative Three: Inistioge

Inistioge is a small village in County Kilkenny situated along the River Nore and home
to approximately 260 people (according to the 2011 census). During the end of 2015 and
early 2016, Inistioge was hit with the worst flood in approximately 50 years. Roughly 20
homes were inundated by floodwater causing severe damage. Flooding occurred due to a
combination of prolonged, heavy rainfall and a high tide. Much like Thomastown, Inistioge
would not flood regularly, leaving them poorly prepared for a serious flood event. However,
during the last flood, they showed a high level of community resilience. The majority of
work carried out during this flood was achieved by responding professionals and responding
community members. After initial enquiry on the last flood affecting the Inistioge

community, the following infographic (Figure 21) was developed.

Figure 20 Inistioge Community Engagement Structure (Self-generated)
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Standard procedure as of the last flood in Inistioge was as follows;

1. Based on local knowledge and weather predictions, responding professionals

notify the community of the possibility of a flood.

LA’s assist the distribution of sandbags.

v ok W

Community deploy flood defence mechanisms e.g. door barriers, road signs etc.

Civil defence assist the evacuation of affected community members.

The community joined together to assist and speed up the recovery process.

The following infographic (Figure 22) was generated highlighting the activities carried out in

response to the most recent flood event in Inistioge.
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From the infographic displaying activities carried out by responding professionals and
community members, a second infographic (Figure 23) was generated mapping key
community engagement points. These engagement points represent knowledge transfer

and assistance provided by responding professionals to affected community members.
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A percentage analysis chart generated by the researcher based on data gathered during
each phase and observations formed a statistical dataset for Inistioge exhibiting levels of
preparedness before, during and after a flood. A pie chart representing this data was
generated and can be seen in Figure 24. The original percentage analysis chart can be found

in Appendix B.

Unprepared

41%

Figure 23 Pie Chart representing levels of preparedness at each stage of a flood (Self-generated)

4.4.1 Outcome/Findings

Findings derived from this case study concluded that;

The response to the last flood event was positive.
e There was a satisfactory level of engagement between responding professionals,
active community member and affected community members.

e Thereis a need for a more advanced early warning system to allow the community

to enhance preparation.
e Improvements need to be made in relation to knowledge transfer and providing

community members with necessary flood related information.
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4.5 Conclusion

Upon completion of these case studies it was recognised that there are areas within

both communities that need to be enhanced. All communities were analysed and compared

to assess the areas that need to be strengthened. Skibbereen proved to have a higher level

of community resilience, however, Thomastown and Inistioge are beginning to make
advances in the area. A comparative chart (See Figure 25) generated from these findings

displays the activities that need to be enhanced in preparation for a flood event.
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Figure 24 Comparative Chart (Self-generated)
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Key findings concluded that communities are complex structures. Through the initial
research phase and participant interviews it was highlighted that there is a strong
dependency in government bodies to provide assistance to communities that suffer from
flood events, resulting in weakened links between key players. In order to strengthen
communities, social resilience must be increased. Social resilience represents the ability of
communities to prepare, cope, resist, recover and adjust to threats. From this, a model
(Figure 26) was created to assist communities in increasing Social Resilience and creating

community empowerment.
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4.6 Social Resilience Model
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Figure 25 Social Resilience Model (Self-generated)

The model focuses on 6 steps that aim to enhance Social Resilience.

Step 1 - Awareness

To develop and raise awareness on current flood solutions and information sources to allow

communities to explore options for abating or moderating flooding.
Step 2 — Understanding
To develop a widespread understanding on flood risks.

Step 3 - Information

Provide communities with information on different methods for dealing with flood events.
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Step 4 — Education

Educate the public on the roles and responsibilities of Local Authorities and responding

professionals.
Step 5 — Communication

Use multiple channels of communication between communities to facilitate the transfer of

knowledge on flood events.
Step 6 — Strength

Strengthen knowledge transfer by creating lines of communication between responding

professionals, responding community members and affected community members.
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To support the Social Resilience Model, a Flood Model (Figure 27) was generated. This flood
model represents six stages before, during and after a flood, to aid communities affected by
flood related events. The model was developed using Skibbereen as a benchmark for
increasing flood vigilance. This Flood model aims to identify arrangements and actions

crucial for obtaining a consensus within the community against possible natural disasters.

4.7 Flood Model
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Figure 26 Flood Model (Self-generated)
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The model focuses on six main steps before, during and after phases of a flood.

1. Measure
Step one focuses on preparation related to predicting the potential of a flood
occurring, constant monitoring of the situation and evaluation of this data to
determine how to react.

2. Prevent
Step two aims to help prevent damage by better assessment and planning and the

execution of pre-impact activities.

3. Prepare
Step three involves alerting community members of important data related to a

possible flood event and the deployment of flood defences to areas needed.

4. Respond
Step four outlines support from responding professionals and responding

community members.

5. Recover
Step five focuses on the clean-up and disposal of damaged possessions and the

restoration of infrastructure and services post flood event.

6. Adapt
Step six highlights the re-evaluation of a community’s level of preparedness based

on previous floods and mitigation efforts for adapting and increasing resistance.

The provision of both the Social Resilience Model and the Flood Model aims to equip
community members with the basic tools and knowledge necessary for preparing, coping,

resisting and recovering from a flood event.



5.0 Design Phase
5.1 Design Hypothesis

Ensuing the research phase of this project, the researcher aimed to propose

appropriate solutions to the issues and opportunities identified. These included;

e Social Resilience
e Knowledge, Skill and Technology Transfer

e Open Source Design

These key findings were combined to generate a hypothesis that helped lead and influence
the design phase of the project. The Hypothesis provided an explanation for conclusions
derived from the Literature Review that needed to be validated through the design phase. It

allowed the researcher to generate solutions while being led by the findings obtained from

the research stage.
Hypothesis;

“It is possible to increase community capacities for mitigating the effects of flooding by
facilitating the transfer of knowledge, technology and skills through open-source, user-

centred design.”
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5.2 The Interaction Framework

Outcomes and findings generated from field research, Chapter 3, helped inform the
researcher of the key interaction points between community members and flood prediction.
The design of the interaction framework was user focused, incorporating design
demographics to ensure that a range of stakeholders were considered throughout the
design phase. This resulted in the design of a community—based initiative aimed at a wide

range of individuals within community groups.

This approach led to the development of a visual displaying the interactions and activities
associated with each persona. (See Figure 28) The process captured community interactions
with current sensor technology, from delivery to installation and monitoring. This visual
shows current community interaction with sensor driven initiatives and highlights that there
is little interaction from the affected community. The infographic assisted the researcher

throughout the design phase to ensure a community led approach for developing concepts.

The interaction framework facilitated the identification of interactions between three sets
of demographics within communities and early warning systems. This allowed the
researcher to create a design led initiative aimed at enhancing engagement between
community members and early warning systems and to ensure a community led approach

throughout.

Outcomes generated from the initial research phase led by the interaction framework,

resulted in three directions for further exploration.

- Intervention 1 — Open-source product design — flood sensor
- Intervention 2 — Social Resilience Model and Flood Model (Chapter 5)

- Intervention 3 — Online platform — Community Network
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5.2.1 Intervention One
The first intervention was formed by combining conclusions derived from the

Literature Review, Case Studies and the Internship. (See Figure 29)

This concept focuses on using sensors to predict weather patterns and water levels. The
results of gathering new data aims to result in a more advanced early warning system for

predicting flood events.

It is proposed that communities would be provided with the information necessary for
developing a system that would be set up and run by community members. The concept

aims to facilitate the establishment of a database of new knowledge.

Combined with existing knowledge within communities, this database forms the

groundwork necessary for enhanced prediction of flood events and increased preparation.

Figure 28 Open-Source Product Design - Source: (Self-generated)
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5.2.2 Intervention Two
The second intervention, the Flood Model, was developed based on findings

generated from the narratives discussed in chapter 4. (See Figure 30)

The idea focuses on using successful elements identified within communities with a high
level of flood resistance and providing this information to vulnerable communities. This aims
to allow susceptible communities to adopt suitable methods for dealing with flood events
before, during and after they occur. The Flood Model acts as a universal benchmark for
displaying successful procedures for enhancing flood resistance that can be tailored to any

community that experiences flooding.

A full description of this flood model can be found in Chapter 4.6.

evel sensors to determine water levels - smart sensors to determine weathe

Supplied to community members to aid the gathering of inf
fer of knowledge between community members

Flood Model

Figure 29 Flood Model - Source: (Self-generated)
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5.2.3 Intervention Three
The third intervention was formed as a result of the outcomes generated in the

Literature Review, Narratives and the Internship. (See Figure 31)

This idea is aimed at providing a method for transferring new and existing knowledge within
and between communities. The idea focuses on developing an online network allowing

communities to upload and retrieve data specific to flood related events.

The platform acts as a support system for intervention 1 and intervention 2 and facilitates
the establishment of a community driven network for enabling communities to increase

flood awareness.

w vulnerable communities of how they

an aid preparation and adopt methods for enhancing fiood resilience

oncept 3
An onli

e platform
Online Platform To enhance know!

ledge transfer. Open-source
cessible - linked to individual water sensors. Generates an overview of a

unities flood situation. Map areas that are predicted to be affected

Figure 30 Online Platform - Source: (Self-generated)
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5.3 Conclusion

All three interventions (See Figure 32) were brought forward for further
development and combined to generate an outcome that facilitates the establishment of an
open-source community-based initiative against flooding. This aims to facilitate the slow
integration of knowledge, skills and technology needed for enhancing community

Awareness.

A full description of Intervention two can be found in chapter 4 - Narratives. Intervention

one and three will be described in detail in this chapter.
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5.4 Design Interventions — Open Source Product Design

5.4.1 Intervention One

Approach and Method

From the first intervention, three product design concepts were developed based on
using open-source product design as part of an early warning system. The researcher
conducted further investigation into the area around early warning systems before entering
the design phase. This allowed the researcher to build further knowledge in the area and
assisted in the identification of existing methods that have been both successful and
unsuccessful. This section provides a description of the three design concepts considered for

further development.
Concept One: Probe Sensor

Concept One focused on using probes for immediate water detection. The concept
incorporated an Alarm and Bluetooth feature to allow the user to receive alerts when the
flood sensor is triggered. (See Figure 33) The sensor facilitates the use of one or more
probes to allow the user to tailor fit the sensor to the area being monitored. The probes are
attached to the sensor by a wire that can be extended and placed in an area most suited to
the user’s needs. This concept focuses on the installation of flood sensor near residential

and commercial properties.

Figure 32 Design Concept One Sketching
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Concept Two: Level Sensor

Concept Two involved using a level sensor for detecting water and taking
measurement of the water from the river bed to the water’s surface. (See Figure 34) Like
the probe sensor, an alarm is triggered when water is detected and a notification is sent out
to the user. As the water rises the sensor measures the water level and sends updates via
SMS. The sensor could be mounted on self-made or fixed structures near flood zones to

facilitate the early prediction of approaching water.

Figure 33 Design Concept Two Sketching
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Concept 3: Ultrasonic Sensor

Concept 3 incorporated an ultrasonic sensor for measuring the distance from the
sensor to the water surface. (See Figure 35) The sensor would need to operate constantly
and incorporate a SMS function allowing the user to send a text to the sensor and retrieve
data on real time water levels. The sensor included a micro SD card integrated into the
design that would form a log of the water levels detected. This information could potentially

be used for predicting future flood events.

Figure 34 Design Concept Three Sketching
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5.4.2 Selecting a Concept

To select a concept for development, a suitability matrix was generated (See Figure

36) highlighting the elements necessary for identifying the concept most suitable to fulfilling

the criteria set out in the hypothesis.

Hypothesis — Criteria

- Open-source product design

- Enhanced community engagement

- Knowledge, skill and technology transfer

Suitability Matrix

The suitability matrix was split into two sections, User/Product and Product. This

allowed the researcher to compare all three concepts and select one or a combination of

more than one to achieve the best product outcome.

From this chart, it was concluded that concept three would be brought forward for further

exploration and development. As concept three was the most complex, none of the

elements from concept one or concept two were integrated into its development.

Concept 1 Concept 2 Concept 3
Product/User
Ease of Use High High High
Set Up Moderate Moderate High
Assembly High High High
Enhances Community Engagement Moderate Moderate High
Facilitates Knowledge Transfer Moderate Moderate High
Strengthens Skill Sets High High High
Promotes Roles within the Community Low Low Moderate
Safety Moderate Moderate High
Product
Low Cost High High High
Durability Low Low Moderate
Captures Data Low Low High

Figure 35 Suitability Matrix - Source: (Self-generated)

93



5.4.3 Chosen Concept

Concept Three — Ultrasonic Sensor

Figure 36 Selected Concept Sketching
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5.5 Concept Development

The concept was mapped out as part of a network using the water sensor to
facilitate knowledge transfer specific to flood events. The holistic mapping allowed the
researcher to ensure a community led approach was followed throughout the design phase.
This map grounded the concept and assisted its development through design, sketch

modelling and prototyping.

The Ultrasonic Sensor Concept aims to enhance the transfer of knowledge, skill and
technology as part of a community-based network. This network proposes to provide a
platform where information specific to flood related events can be gathered and shared by
community members to create empowerment and enhance awareness. The concept act as
a starting point for the integration of a community-based initiative, led by affected and

responding community members and supported by responding professionals. (See Figure 38

and Figure 39)

Figure 37 Mapping Holistic Approach for Further Development
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5.5.1 Current Engagement with Water Sensor Technology

Initial research highlighted community engagement points with current flood sensor
networks in Ireland. The research emphasised that there is a relatively low number of
communities utilising water sensor technology. The areas that use water sensors for flood
predication are predominantly run by responding community members and responding
professionals, leaving affected community members disconnected from early warning
systems. The researcher mapped out the main interaction points (See Figure 28, Page 84), to
identify areas that could be strengthened by initiating a community based flood network

engaging affected community members.

This visual allowed the researcher to ensure that the outcome of a new community based
initiative using water sensor technology would further engage affected community

members and result in enhanced levels of community vigilance.
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5.5.2 Concept Development

Prior to any design work being carried out, further research was conducted to
enhance the researcher’s knowledge on sensor technology. This phase allowed the
researcher to gain an insight into existing technologies and how they are currently being
used to deliver early flood warning systems. The research displayed huge advancements in
technology and highlighted areas across the globe using flood sensors for predicting natural
disasters. This investigation grounded the concept further and allowed for a more informed

and educated approach toward the design phase of the project.

5.5.3 Outcomes/Findings

Findings from this research phase included;

- Rapid advancements in technology is resulting in a more technology driven society
i.e.; smart cities integrating information and communication technologies for
education and development.

- Technology driven community-based initiatives are being developed across the globe

highlighting a newly identified passion for community engagement.

As mentioned previously in the literature review, knowledge transfer is a key element for
ensuring that communities are more vigilant toward flooding. Further research showed that
existing initiatives using sensor technology proved positive for enhancing knowledge

transfer.
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5.6 Sketch Modelling

Before the researcher began prototyping, three sketch models were developed as
physical representations of both the concept and the system supported by the concept. The
sketch models allowed the researcher to clearly communicate the concept using 3D versions

of previously generated visuals and sketches.

5.6.1 Reverse Engineering

The researcher undertook a preliminary reverse engineering phase prior to engaging
in the construction of the ultrasonic sensor. The aim of this phase was to allow the
researcher to deconstruct a simple contact sensor to understand its components and how it
works. The process involved dismantling the contact sensor and reworking its internal

components to form a water sensor.

Figure 39 Reverse Engineering

This process resulted in a prototype that detected water using two exposed wires that
formed a connection when placed in a body of liquid. As water is a conductor it joined the

circuit between the two exposed wires to trigger an alarm.
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This prototype acted as a good starting point for the researcher to explore electronic
engineering and develop knowledge and skills necessary for further development of the

concept

Ensuing the reverse engineering phase, the researcher explored different methods of
connecting wires to form a circuit without using the soldering iron. (See Figure 41) This
aimed to facilitate use by communities that may not have access to soldering equipment

and required an alternative solution.

Figure 40 Exploring Methods for Connecting Components
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5.6.2 Outcomes/Findings
Finding generated from the reverse engineering phase concluded that it is relatively
easy to manufacture a low-cost flood sensor. All materials used in this phase were open-

source and tutorials on how to make your own water sensor could be found online.

In order to fulfil the criteria, set out in the hypothesis, this concept needed to be developed

further but still remain open-source and relatively low in cost.

5.7 Arduino

The researcher began building a sensor using an Arduino starter kit. Arduino is an
open-source electronics platform that is aimed at users with little knowledge on electronics
or programming. This open-source technology is aimed at encouraging users to adapt and
tailor these microcontrollers to their specific wants and needs. Arduino was selected as the

most appropriate method for building a sensor as it is;

- Cost effective

- Compatible with Windows, Macintosh OSX, and Linux operating systems

- Simple, clear and flexible — Arduino can be used by both beginners and advanced
users

- Open-source

Arduino is aimed at a worldwide community and facilitates fast learning and prototyping.
This microcontroller uses C/C++ programming language which is efficient, portable and
available on all platforms. The Arduino software can be sourced online through the Arduino

website and provides code samples for use by the public domain.

In order to build a sensor that corresponded with the criteria set out in the brief, the

researcher had to source extra components online. These components included;

- An ultrasonic sensor

- A piezo buzzer
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Once all the components necessary for building a sensor to detect water levels were
sourced, the researcher began the prototyping phase of the project. Initial prototyping

involved the testing of different methods for detecting water.

5.7.1 Prototype 1
The first prototype was developed using a contact sensor. Contact sensors are usually
installed or doors and windows in residential or commercial properties. An alarm is

triggered when a window or door is opened and the current is disturbed.

The prototype was built using a low-cost contact senor attached to a small bottle using a
straw. (See Figure 42) The bottle acted as a float that rose with the water level, separating
the sensor and triggering an alarm. This concept was validated through testing, however,
this type of sensor proved unsuitable for rapid and fast-moving water associated with

flooding.

Figure 41 Prototype One - Testing
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5.7.2 Prototype 2
The second prototype was created using LED’s as a method for communicating water levels.

This was created using;

- A9V Battery and 9V battery connector

- Three wires measured at three different distances

- Three LED’s —different colours

- One wire for creating a current to activate the LED’s

- Alength of 2”x1” pine

Figure 42 Prototype Two - Testing

The prototype was developed and tested to explore the use of LED’s for detecting water
levels. This concept was validated through testing but proved too simple for providing a

satisfactory method for predicting flood events.
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5.7.3 Prototype 3

The third prototype incorporated Arduino Uno. Research previously conducted in this area

highlighted the capabilities of Arduino and how it can be used to measure water levels. This
concept was further developed through prototyping, allowing the researcher to generate a

high-quality working model to validate research findings.

Figure 43 Prototype Three - Testing
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The researcher built an ultrasonic sensor using components included in the Arduino Uno
starter kit and extra components sourced online. These items necessary for building this

sensor included;

- 1 xUltrasonic Sensor

- 1xLCD Screen

- 1x830-point breadboard
- 22 xM/M Jumper Wires
- 1xPiezo Buzzer

- 1 xArduino Uno

- 1 x100-ohm resistor

The Arduino was constructed in 5 stages. At each stage, the researcher added an extra

component to the board and tested it to ensure that all elements were working properly.

This process facilitated the development of an accurate, low-cost working prototype for

reading water levels.
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5.8 Coding

Throughout the development stages that Arduino was coded in order for it to

complete a specific set of functions. The Arduino needed to;

Measure the distance from the sensor to the water level to assist the user in

identifying real time water levels.

- Display distances in ‘cm’ on the LCD screen.

- Display “WATER HIGH”, “WATER NORMAL” and “WATER LOW” for variables set by
the researcher.

- Trigger a buzzer when the sensor detects high water levels.

- Be battery powered.

Code specific to ensuring that the sensor performed the tasks set out by the researcher was
sourced online through the Arduino website and online tutorials. The researcher was
assisted by an electronic engineer who helped tailor the code to the researcher’s
requirements and ensure the prototype was of a high standard. A copy of this code can be

found in Appendix C.

Blink §

Blink
Turns on an LED on for one second, then off for one second, repeatedly.

This example code is in the public domain.

void setup() {
/ initialize the digital pin as an output.
// Pin 13 has an LED commected on most Arduino hoards:
pinMode (13, OUTPUT):

void loop() {
digitalWrite (13, HIGH): // set the LED on
delay(1000); wait for a second
digitalWrite (13, LOW); et the LED off
delay(l1000); // wait for a second

}

Figure 44 Coding Arduino (Example) - Source: (Online)
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5.9 Housing

After the sensor was refined the researcher began designing the housing for the
water sensor. During the research stage the researcher identified skills and expertise within
participating communities. This was carried out for the development of housing solutions

for different communities with different skills and expertise.

5.9.1 Kappa Board Model

The housing designed by the researcher needed to be simple allowing community members
to be able to manufacture the housing easily themselves. The design also needed to be
durable and waterproof. A low fidelity sketch model (See Figure 46) assisted the researcher
with further development and ideation. The sketch model allowed for quick and easy

manipulation of the concept and facilitated a more informed approach toward the next

stage of model making.

/.

Figure 45 Kappa Board Model 107



5.9.2 Acrylic Model

A second model was developed using acrylic. (See Figure 47) This enclosure was
created for testing purposes to ensure that the Arduino and all its components were
protected from liquids. Files for this model were generated using Adobe Illustrator which

were then converted to EPS (Encapsulated PostScript) files compatible with the laser cutter.

The design incorporated etchings that illustrated where each component would be

positioned. Sections cut out in the model allowed for the ultrasonic sensor to extend past

the surface of the model to ensure that the sound waves were not interfered with.

Figure 46 Acrylic Model

The Arduino was then placed inside the model and secured with double sided sticky tape to

ensure that no component fell out of the housing during testing.

Figure 47 Acrylic Model with Arduino
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5.10 Testing

The working prototype was then tested for accuracy to ensure that the acrylic housing
caused no interference with the sensor. The Arduino was tested using three sets of

variables;

1. 100 - 150 centimetres: WATER HIGH
2. 150- 200 centimetres: WATER NORMAL
3. 200 + centimetres: WATER LOW

These variables were tested against a flat surface i.e. walls, floors etc. Once it was verified
that the sensor was functioning correctly, the researcher pursued to the next stage of

testing the sensor for measuring the distance from the sensor to the water’s surface.

Figure 48 Working Model - Testing Variables
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This phase of testing was carried out to ensure that the sensor was capable of detecting
liquid surfaces. Initial research carried out showed that ultrasonic sensors have been
previously used for this purpose, however, it was important for the researcher to carry out

further testing to validate these research findings.

For this phase, the variables within the code were changed slightly due to the space

envelope of the testing area. The variables set for testing were as follows;

1. 10-20 centimetres: WATER HIGH
2. 20-30 centimetres: WATER NORMAL
3. 30 + centimetres: WATER LOW

5.10.1 Findings/Outcomes

The testing phase concluded that;

- The Arduino Ultrasonic Sensor detects water levels
- The Sensor provided accurate readings of the distance from the sensor to the water
surface

- The LCD screen displayed the correct variables set by the researcher

Once it was verified that the sensor detected water and measured that distance from the
sensor itself and the water surface, the initial housing was reiterated to increase water
resistance. Two circular sections were removed from the acrylic to allow the sensor to
project through the surface allowing for minimal exposure. O-rings were placed on the
sensor, both inside and outside the model, to further reduce the possibility of water ingress

and damaging electronic components.
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Figure 49 Final Working Prototype

5.10.2 Conclusion

In conclusion, the working prototype proved to be fundamental in validating the
concept outlined at the beginning of this chapter. The construction of this model also
justified the capabilities of Arduino and acted as a starting point for communities to develop
their own flood sensors, with the possibility of redesigning and constructing more advanced

flood sensors further down the line.
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5.11 The Internet of Things (loT) — Theoretical Concept Three

To facilitate the effective transfer of data collected through this community based
initiative, it is proposed that the Internet of Things (loT) be used to facilitate the collection

and exchange of data.

The loT is “the concept of basically connecting any device with an on and off switch to the
Internet (and/or to each other)” (Morgan, 2014) These physical devices, also known as
connected devices or smart devices, are defined as being anything comprised of the

following;

- electronic components
- sensors

- software

- network connectivity

- actuators

loT allows information technology (IT) administrators to use this system for anything related

to their physical environment, if they require information about it.

“In one case, 10T is being used to stymie deforestation in the Amazon rainforest. A
Brazilian location-services company called Cargo Tracck places M2M sensors from
security company Gemalto in trees in protected areas. When a tree is cut or moved,
law enforcement receives a message with its GPS location, allowing authorities to

track down the illegally removed tree.” (Botelho, 2013)

The researcher concluded that loT can assist communities throughout Ireland to increase

the transfer of data for increasing preparation toward flood events.

5.11.1 The Things Network

The Things Network is a global community comprised of over 20,000 people in just
under 90 countries. This network uses a long range and low power radio frequency called
LoRaWAN which facilitates the connectivity of devices to the internet without using 3G or

WIFI.
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The benefits of using this network include;

- lIsit open-source, which is consistent with guidelines set out in the hypothesis

- ltis low cost

- Is does not require 3G or WIFI for connecting devices to the internet

It is proposed that the community based initiative outlined in this chapter would be linked
to this network, facilitating the creation of a larger community database both nationally and

internationally.
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5.12 Concept Definition

To fully define the design hypothesis, the concept of a community-based initiative
was further developed. Sketches and visuals aimed to help communicate the links between
sensor technology, the flood model and an online platform and how they are supported by
one and other. The final concept was defined as A Community-Based Initiative for Predicting

Flood Events Using Ultrasonic Sensor technology.

The concept is a combination of all three theoretical concepts outlined at the beginning of
this chapter. The concept proposes to enhance community engagement by increasing
knowledge, skills and technology transfer using ultrasonic sensor technology. The transfer of
knowledge, skills and technology aims to enhance links between community members and
responding professionals allowing for a more efficient and effective response to flood
events. The initiative aims to influence community members and create awareness on
methods for creating more independence and autonomy and eliminating or reducing
reliance on government bodies to implement procedures for monitoring and better
management of natural disasters. This concept also presents the opportunity for the slow
integration of societal change, increasing social resilience within vulnerable communities

that are susceptible to flooding.
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5.13 Community Engagement

As previously highlighted, current flood sensor networks have shown to be
predominantly linked to responding community members and responding professionals.
This showed a lack of participation from affected community members which results in the
loss of local knowledge and expertise. The initiative proposed aims to reintroduce affected
community members and this local knowledge to a community-based initiative to aid
advancements in flood prediction. An infographic was generated (See Figure 51) to highlight

where the community is anticipated to interact with this Community Flood Network.
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To further ground this concept, a Community Flood Network booklet was designed.
This booklet provides guidelines on how to set up your own flood sensor using Arduino and
how to build your own housing. The document acts as a starting point for encouraging
communities to form their own community based-initiative for an early warning system

aimed at predicting flood events. This booklet can be found in Appendix A.

COMMUNITY
FLOOD
NETWORK

A guide to creating a network for empowering your
community against flooding
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6.0 Results and Findings

6.1 Final Design Solution

Results generated from this study concluded that in order to enhance vigilance within
communities affected by flooding, vulnerability must be reduced through a variety of
actions. To combat vulnerability effectively, communities must be assessed as a whole, to
determine areas that need to be strengthened both socially and environmentally. The three

areas proposed for development within this research project include:

1. Social Resilience Model & Flood Model (Section 4.6 —4.7)
2. Water level sensor technology (Section 5.4.3)

3. An online platform (Section 5.11)

When combined these three areas offer a more holistic approach to flooding issues. Each
area of this concept could work independently of each other, however, when pooled
together each area is supported by the other and provides a systematic approach toward

flooding allowing communities to re-act appropriately to pre-and post-flood events.

The Social Resilience Model forms the starting point for the proposed concept. The Social
Resilience Model provides communities with an outline of the six key areas that aim to

enhance social resilience in relation to flooding. These six areas include;

e Awareness

e Understanding
e Information

e Education

e Communication

e Strength
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In order to minimise the impacts that flooding has on communities it is important that they
work effectively as unit. According to Fekete, 2009, the assessment of social vulnerability
can highlight hidden strengths and weaknesses of a society toward a certain stress or
hazard. The provision of a Social Resilience Model can assist communities to evaluate their
own level of vulnerability in order to combat weakened areas effectively. Often, a high level
of social resilience can be the most important factor for reducing the effects of any social
implication on a group of people. Research to date had identified that Ireland is lacking
information on the social repercussions of flooding and how to address these issues. The
provision of this model aims to facilitate better community driven actions against flooding

events.

A Flood Model was also developed as part of this study with the aim of enhancing
community activity before, during and after a flood occurs. The model focuses on six key

areas including;

e Measure
e Prevent
e Prepare
e Respond
e Recover

e Implement

The model acts as a benchmark for communities affected by flooding, outlining key actions
to be taken in response to a flood related event. During the Literature Review and Field
Research, it was highlighted that many communities do not possess sufficient knowledge on
how to anticipate, cope, resist and recover from natural disasters. Nicholson and Gebre,
2016, highlight that there is little information tailored to the Irish community providing
knowledge on preventative, resistive and recovery methods against severe weather events.
This model can be customised to suit various communities depending on their size, location,
population etc. and facilitates the development of more advanced preparation and

response to flooding.
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An Open-Source, Community-Based Initiative was developed as part of this study to allow
communities to create a scheme for establishing an early warning system using ultrasonic
sensor technology. To date, research has shown that a system like this has yet to materialise
within Irish society. Initial research highlighted that communities rely heavily on
Government Bodies and State Agencies to provide predictions on potential flood events.
The United Nations Framework Convention on Climate Change, 2007, emphasises that
hardware, software and networking facilitates the flow of information between
stakeholders to enhance the development and transfer of technologies. In order to enhance
the transfer of flood related data in Ireland this new community-led initiative proposes to
allow communities to independently monitor water levels in their area, facilitating a more
informed approach to monitoring water levels and river conditions.

The initiative incorporates the use of ultrasonic sensor technology and the Internet of
Things, both of which are open-source, low cost and easily operated. This holistic approach
toward minimising the effects of severe weather conditions in waterside communities aims
to provide communities with the tools necessary to facilitate the slow integration of
knowledge, skill and technology transfer, resulting in smaller communities working better,
both independently and together, to decrease vulnerability and, in turn, reduce the impact

of flood flooding within their and neighbouring communities.
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7.0 Discussion of Results

7.1 Research Questions

The research questions highlighted after the initial investigation into existing

literature included;

1. What are the necessary elements needed to assist in empowering a vulnerable

person or group of people?

2. How can societal change be enhanced through open-source, user-centred design

solutions?

3. Could the integration of skills and technology along with existing and new

knowledge enhance community preparation against flood related events?

Research conducted throughout this study provided the researcher with positive answers

for the research questions outlined above. The three questions were addressed throughout

this study through the proposed community-based initiative for minimising the effects of

flooding.

7.2 Key findings

An investigation into existing literature highlighted that;

1.

2.

The transfer of user-driven knowledge is needed to address a range of
multidisciplinary and integrated approaches.

Transferring new and existing knowledge through open-source software is the most
efficient and effective means for providing communities throughout Ireland with
relevant knowledge of flood related issues and on methods for preparing, coping and
recovering from both anticipated and unpredicted flood events.

Communities need to be made aware of methods for adapting to new, more
frequent flood events.

In order to decrease the reliance of affected community members on Governmental

Bodies, social vulnerability needs to be reduced.
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5. The slow integration of new technologies into vulnerable community areas can assist
in the development of new community-led initiatives resulting in increased

resilience.

Secondary research revealed that communities rely heavily on Government Bodies and
State Agencies to provide both pre-flood warnings and assistance before, during and after a
flood occurs. Failure from responding professionals to provide relevant pre-flood warnings
can result in communities being poorly prepared and severely affected by weather related

disasters.

During primary research it was identified that it is difficult to implement societal change
within communities as they are extremely complex and difficult to alter. By allowing
communities to take the lead toward better flood response through an open-source,
technology-driven initiative, it facilitates the slow integration of societal change and allows

communities to adapt at their own pace to newly anticipated flood events.

When conducting interviews, the researcher identified two participants that expressed
confliction opinions against the proposed design intervention. One participant indicated
that extreme flooding is rare, every 50 years or so, and that there is no need for a design
intervention. The second participant stated that they only look after their own property and
would have little or no interest in partaking in a community-based initiative. These opinions
showed that, firstly, there is not enough information outlining that due to a combination of
factors, flooding is predicted to become more common. Secondly, certain individuals within
specific areas showed no willingness to engage with other community members during

previous or newly predicted floods.

Limitations/weaknesses associated with the final concept include;

1. This concept is primarily technology driven, therefore, it may not be best suited to a
community occupied primarily by stakeholders of an older demographic who may

not engage well with technology.

2. The initiative is cost effective, however, it is proposed to be self-funded by the

community with an annual fee, which may cause issues.
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3. Once set up, the concept would require a certain level of maintenance and upkeep

to ensure all elements remain functioning effectively over time.

7.2.1 Suitability of Methods and Approach

The researcher followed an interpretivist paradigm for this study which allowed for the
development of understanding through experience. Information related to specific values,
opinions, behaviours and social contexts of community groups was gathered through the
methods selected for conducting field research. The Inductive approach toward this
research project proved most suitable for developing the tentative hypothesis for further

investigation.

The methods selected for this research project facilitated effective engagement with a
broad range of individuals across different stakeholder groups. Interviews with participants
involved in this study were most valuable for gathering relevant insight into each area being

examined, and allowed the research to be guided by communities affected by flood events.

7.2.2 Validity

Validation was achieved through face-to-face meetings with participants where the
researcher presented their research findings at different stages to community members.
This helped the researcher determine whether community members would be willing to

engage with the proposed solution.

Findings derived from the narratives and the application of grounded theory were

triangulated. This technique helped provide verification for the research outcomes/findings.

7.2.3 Bias

The researcher maintained a certain level of bias throughout this study. The title of the
project resulted in the researcher maintaining a clear objective of creating community
empowerment through open-source, user-centred design solutions. At the beginning of the
project the researcher was unsupportive, however, had not ruled out, the use of technology

as a solution. Through both primary and secondary research, the benefits of using open-
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source technology and software were highlighted, which guided the researcher toward the

proposed technology driven solution.

7.3 Unanticipated Findings

The most unanticipated finding identified during this research project highlighted
that there is little collaboration between State Agencies and community members when
planning and constructing hard defences for flood control. State Agencies also seemed to
disregard input from the communities involved and use statistical data only for developing
proposed flood defences. Enhanced collaboration between these groups is needed to
facilitate the incorporation of local knowledge in the planning and development of flood

defence structures.

This significant finding that highlights broken links between professional involved in the
planning of permanent flood defences and affected communities. This results in the
disregard and loss of important local knowledge and can have major impacts of the people

inhabiting areas affected by flooding.

The researcher identified this late in the study during interviews with community members
therefore it did not impact this study. This area warrants further work to ensure that the
planning of hard defences is executed effectively, and facilitates relevant input from the

stakeholders involved.

7.4 Significant ramifications of findings

Findings generated from the field research phase resulted in the establishment of a
tentative hypothesis for further investigation. The hypothesis assisted the researcher
throughout the design phase and allowed for the development of a design intervention for
mitigating the effects of flooding by facilitating knowledge, technology and skill transfer.
(See figure 52)

Existing models on flood control and prevention are available at global level where they

experience harsher weather conditions and large scale flooding. Through research it was
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identified that there is no flood model tailored specific to Irish Communities using open-
source design solutions. The proposed solution aims to facilitate an iterative approach
toward mitigating the effects of flood events. The system offers a cost-effective, open-
source solution for transferring flood related data, allowing communities to modify and
improve the system over time. Driven by key players, responding professionals and
responding community members, each community is given the opportunity to take
ownership of developing solutions toward mitigating flood events, facilitating the

development of community empowerment.

The transfer of new and existing knowledge is one of the key aspects to this solution. During
interviews, it was found that there is a significant loss of local knowledge within and
between communities. This local knowledge is essential for planning and preparing for both
predicted and unpredicted flood events. This, combined with new data generated from
water level sensors, form a body of information, provides the groundwork for enhancing
preparedness before, during and after a flood occurs. The introduction of a design
intervention aims to enhance the transfer of old and new knowledge, skills and technology,
within and between community groups. It is anticipated that this will result in extended
community links between different stakeholder groups, advanced preparations toward

flood events and increased community resilience.
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7.5 Design Artefact in Context

The design artefact offers a preliminary solution for gathering data on water levels.
The design is low-cost and open-source, however, it is not very accurate and improvements
need to be made in terms of housing, mounting and security solutions. The technology itself
is very effective and easy to use. It is suggested that a more precise sensor be sourced for

future iterations.

The artefact has not been tested in context of a flood situation.

7.6 Research Questions

It was identified that communities have a strong dependency on Government Bodies to
provide procedures for mitigating flood events. Further investigation highlighted that a user-
centred approach has the potential to spark the development of community-based
initiatives, both nationally and internationally, enhancing community vigilance and reducing
their dependency on state agencies for predicting floods. This in turn, aims to bring about
societal change, facilitating the development of community-driven strategies for combatting
the effects of flooding. The results from this study were conclusive with the research
guestion highlighted in the Literature Review; ‘How can societal change be enhanced

through open-source, user-centred design solutions?’

The field research phase of this study provided validation for the following research
guestion; ‘Could the integration of skills and technology along with existing and new
knowledge enhance community preparation against flood related events?’ During the field
research phase it was discovered that there is insufficient transfer of knowledge, technology
and skills within communities, resulting in the loss of local intelligence and expertise.
Feedback from participants highlighted that local knowledge and expertise are essential in
ensuring that communities have the ability to endure and survive flood related disasters.
The outcome of this research aims to reintroduce local intelligence through open-source
design, allowing users to combine existing knowledge with new information to ensure each

flood related situation is reacted to and dealt with appropriately.
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What are the necessary elements needed to assist in empowering a vulnerable person or

group of people?’

To answer this question, it was necessary to undertake narrative studies involving
communities with both high and low levels of community vigilance. The tools necessary for
creating community empowerment are highlighted in Chapter 4 — Narratives. During this
phase, it was identified that the provision of a Flood Model and Social Resilience Model
along with a scheme aimed at reinstating experiential data within communities, combined
with new data created through a community based initiative, could result in communities
being better prepared to deal with unpredictable and accelerated rainfall patterns. This
initiative is proposed to be supported by an online platform, i.e. The Things Network, which
aims to facilitate the transfer of flood related data. The system allows users within each
community to share information on pre-and post-flood activities with their own community

and other affected communities.

It is envisaged that the reliance on responding professionals would be reduced through the
introduction of a community-based initiative, facilitating flood prediction generated by key
players within the community. This approach allows communities to create empowerment
and enhance resilience through an initiative that aids the development of new knowledge
and a means for transferring this data. Pre-flood data generated through this initiative

allows communities to be better prepared before a flood occurs.

The proposed concept offers a means for collecting data during a flood allowing individuals
to monitor water levels without the need to physically engage with rising flood water. Once
a flood has occurred, the information gathered can be recorded and analysed so that the

community can respond more effectively to new anticipated flood events.

The flood model and social resilience model provide communities with a guide for

addressing both flooding and social vulnerability effectively.
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7.7 Conclusions — hypothesis

“It is possible to increase community capacities for mitigating the effects of flooding
by facilitating the transfer of knowledge, technology and skills through open-source,

user-centred design.”

The outcomes of this research study support the hypothesis generated prior to the design
phase. The open-source, user-centred design solution facilitates the transfer of knowledge
technology and skills. Combined with models for increasing flood resilience and social
resilience the initiative provides the tools necessary for increasing community capacities for

mitigating the effects of flooding.

7.8 Long term impact

It is envisaged that the tools outlined in the thesis, provide the starting point for the
development of a community based-initiatives nationwide. These tools are not static and
can be altered and tailored to specific community needs. The ultrasonic sensor is a cost-
effective, low-tech solution which can be modified to suit specific flood events. The online
platform is easily accessible and facilitates the transfer of knowledge, technology and skills.
Because all elements of the proposed solution are open-source, they can be adopted by a
wide range of communities nationally with the potential of extending to communities at

global level.

7.9 Further Work

For further work associated with this research project, it is proposed that;

1. The researcher would write a paper for publishing and/or presenting at a conference
2. Action Research be carried out fully through a testing and evaluation phase
3. Further validation be carried out involving members of the community to ground the

concept
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8.0 Conclusion of Thesis

The Literature Review formed the foundation of knowledge on the thematic
areas; Community Based Initiatives, Open-Source User Centred Design, Community
Resilience, Data Transfer, Social Vulnerability and Flooding. This initial research phase
identified that knowledge, skill and technology transfer within and between communities is
fundamental for reducing social vulnerability and creating community empowerment. By
creating a community-based design initiative through open-source user-centred design
solutions, vulnerable communities can assist themselves to reduce the social, economic,

environmental, and financial impacts associated with flood events.

The theoretical insights acquired from the Literature Review acknowledged the lack of
research in relation to community-based design initiatives for open-source, user-centred
design solutions against severe weather conditions on waterside communities. Research

guestions were identified and addressed positively throughout this study.

Field research carried out provided practice based validation for theoretical conclusions and
research questions identified in the Literature Review. This data guided the study and
facilitated the development of a new initiative focused on assisting affected community
members by adopting traditional methods and introducing new approaches and initiatives

for reducing the impact on communities during both pre-and post-flood events.

The hypothesis formed after primary and secondary research acted as a starting point for
further investigation. This design hypothesis proposed that; it is possible to increase
community capacities for mitigating the effects of flooding by facilitating the transfer of
knowledge, technology and skills through open-source, user-centred design. This ensured
that the researcher maintained an informed and guided direction through the design phase

of the project.

8.1 Limitations of the research

Due to time constraints and limited access to participants, the researcher proposes that it
would be beneficial to engage with a wider demographic to further validate this concept.

Additional involvement of a larger variety of age groups would allow for feedback from a
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more diversified range of participants. This would also be of benefit during the design phase
of the project, allowing participants with a broader range of skillsets to assist throughout

the development of the project, from concept stage to iteration and testing.

During the design phase, the researcher was unable to incorporate the sending and
receiving SMS function into the Arduino. This was due to time constraints and the
researcher’s limited knowledge of electronic engineering design. On reflection, the addition
of this function would allow the researcher to test the sensor near a body of water over an
extended period of time to ensure that the information gathered using ultrasonic sensor

technology would be of benefit to affected community members.

The Open-Source criteria set out at the beginning of the project restricted the design of the
housing unit for the ultrasonic sensor. In order ensure the design remained open source, the
researcher was required to source materials and develop a housing unit that could be easily
manufactured by community members. Upon completion, the researcher concluded that it
would be beneficial to explore and test a larger variety of low-cost, open-source materials
and manufacturing techniques, such as 3D printing and additive manufacturing

technologies, to provide communities with an extended range of housing options.

During the testing phase, the researcher discovered that accuracy of the cost-effective
sensor sourced for this project was insufficient for outdoor use over an extended period of
time. In order to combat this issue, it is suggested that further exploration into ultrasonic
sensors would be carried out to source a more accurate sensor while still retaining the

open-source and low-cost criteria set out in the brief.
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9.0 Further Work

Upon completion, the researcher identified several areas with the potential for
future research to be conducted. Some of these areas are briefly described in the

Limitations chapter of this thesis. Areas identified for further exploration include:

e Engage with focus groups to allow for collaboration between community
members when conducting secondary research. This would provide the
researcher with a better understanding of the area being observed.

e Engage more with younger members of communities to achieve a better
understanding of the younger generation’s willingness to participate in a
community-based initiative.

e Further develop the Arduino water sensor to include a more accurate ultrasonic
sensor and the SMS feature for sending texts and receiving data on real time
water levels.

e Set up an experimental flood network using one or more flood sensors to further
validate the concept.

e Explore alarger variety of enclosures for housing the sensor.

e Publish findings in a research journal.

e Apply methodologies utilised in this study to other similar issues.
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Appendix A

COMMUNITY
FLOOD
NETWORK

A guide to creating a network for empowering your
community against flooding




WELCOME

In 2015/2016 Ireland saw some of the worst flooding in
decades. These floods left the majority of the country
devastated with many homes and businesses destroyed
by flood water. Predictions outline than there is a high
possibility that we will be experiencing more frequent
and severe flooding.

In order to mitigate flooding we need to make advances in
strengthening communities and creating empowerment.
This document provides your community with the basic
for setting up your own community flood sensor network.

This Community Flood Network will facilitate the
transfer of knowledge and data on flood related events
allowing your community and other surrounding
communities to adopt methods for adaptation. This
information can then be shared and enhanced through a
network, powered by communities nationwide.
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ARDUINO

Arduino is an open-source electronics platform based on easy-to-use
hardware and software. Arduino boards are able to read inputs - light on
a sensor, a finger on a button, or a Twitter message - and turn it into an
output - activating a motor, turning on an LED, publishing something
online. You can tell your board what to do by sending a set of instructions
to the microcontroller on the board. To do so you use the Arduino
programming language (based on Wiring), and the Arduino Software
(IDE), based on Processing.

Over the years Arduino has been the brain of thousands of projects,
from everyday objects to complex scientific instruments. A worldwide
community of makers - students, hobbyists, artists, programmers, and
professionals - has gathered around this open-source platform, their
contributions have added up to an incredible amount of accessible
knowledge that can be of great help to novices and experts alike.

Arduino was born at the Ivrea Interaction Design Institute as an easy

tool for fast prototyping, aimed at students without a background in
electronics and programming. As soon as it reached a wider community,
the Arduino board started changing to adapt to new needs and challenges,
differentiating its offer from simple 8-bit boards to products for IoT
applications, wearable, 3D printing, and embedded environments. All
Arduino boards are completely open-source, empowering users to

build them independently and eventually adapt them to their particular
needs. The software, too, is open-source, and it is growing through the
contributions of users worldwide.

Arduino Uno is a microcontroller board based on the
ATmega328P (datasheet). It has 14 digital input/output pins (of
which 6 can be used as PWM outputs), 6 analog inputs, a 16
MHz quartz crystal, a USB connection, a power jack, an ICSP
header and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer
with a USB cable or power it with a AC-to.DC adapter or
battery




L.

L ® 4

COMPONENTS

Breadboard

2 Split power buses

10 columns 100 Ohm Resistor
63 rows

510 tie points

Dimensions {t65.x x 54.29 x 9.68)

Jumper wires (M/M)
3 pc

The Ultrasonic Sensor emits an ultrasound at 4o ooo Hz which travels
through the air and if there is an object or obstacle on its path It will bounce
back to the module. Considering the travel time and the speed of the sound
you can calculate the distance,

The HC-SRay Ultrasonic Module has 4 pins, Ground, VCC, Trig and Echo.
The Ground and the VCC pins of the module needs to be connected to the
Ground and the 5 volts pins on the A rduino Board respectively and the trig
and echo pins to any Digital /O pin ca the Arduine Board

Fiezo Buzzer

5V Screen White Character Blue Backlighe LCD Module

oV Bartery

Brass contacts, nickel plated with vinyl or ABS covering.
Wires have tinned copper conductors, PYC insulation and the ends are
stripped for easy connection



Price List

Component Ireland Price Abroad Price
Arduino UNO Farnell - Elementl14 1+ €24.86 | DealeXtreme {DX) 1+€7.17
http://bit iv/2smynDR 10+ €24 35 | http://bit ly/2rbd7n0
Ultrasonic Sensor Irish Electronics 1+2249 DealeXtreme (DX) 1+€230
http //bit Iy/2rbiD94 hetp //bit y/2tEPQUR
Jumper Wires Irish Electronics m/m Gear Best m/m
hup//bitly/2cbeuPy | 65pe hitp//bit}y/29653Wg | 60pc
€495 €182
http://bit ly/2gACsYF m/f http://bit ty/2rESwsH m/f
40pc 20pc
449 157
Breadboard Farnell - Element 14 4007P TOMTOP 4007TP
h bit. M3ic 1+ €320 http://bit ly/2rbsFaa 1+€289%
100+ €243
SD Card Reader Ebay 88¢ Gear Best €1.10
hty ebay to/2qBanAF hitp.//bit. e1REB
9V Battery Duracel Online or Instore £4 66 Online or Instore £466
it //bit iy/2rboxsy
9V Battery Connector Irish Electronics S0c Gear Best 10pc€2.33
http://bit R hitp//bit ly/2rEF7A)
Total €48.03 £2384
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ASSEMBLY

STEP:
Connecting Arduino UNO and LCD Screen to Breadboard

Stepz2
Connecting Ultrasonic Sensor to Breadboard

vii



ASSEMBLY

m
337 $3)33 332

Step 3
Connecting Battery connector to Breadboard

R

100 ohm resistor
Brown, Black, Brown, Gold

Step 4
Connecting Piezo Buzzer and 100 Ohm resistor to Breadboard
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ASSEMBLY

Your sensor should now look something like this. (See image above)
Once you have all of the components connected you can then upload your code to your
Arduino. (See page g)



CODING YOUR ARDUINO

Before getting started you need to dowload the Arduino Software package. This can be
found on the Arduiono dowload page. (https://www.arduino.cc/en/Main/Software)

Once the download is complete, open the application and you should see something
like this:

Once opened, click on the Tools button
and select Board.

Then select Arduino Uno.

Once you have done this, insert the code
(See page 10) into the sketch.

Don't forget to save your work!
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Arduino Code

#®incluge <Ligualryetal.n> // includea the LiguoCryetal Lorary

LiquiciCryatal icail, 2, &, 5, 8, 7); // Crectss an LCD object. Paramesara: (re, enable, od, oS, 08, a7)
conet int trigPin = 5;

corat int echoFin = 10;

long duraton;

int tiatsnceCm, distenceinch;

int tme_delay=2000; //time celay for ths scraen

conet nt buzzer = 1% //buzzer to arduno pin 12

//eetup veraties

void astup() {

Icd.baZin(18,2); // Initislizea the intarfece to the LCD acreen, and spacfies the cimanaione (width ana haight) of the capisy
pinMcdaltrigPin, OUTEUT,

paMcdalechoin, INFUT;

pnMcdsibuzzer, QUTPUTY) // 3et buzzer - pin 11 a8 an owtput

}

void loopd} {

GgtalWrasiingPn, LOW),
oalariicrosecondal2);
cGtalwrasiirgPn, HIGHS
celayMicroseconda(10)
cGgtalwrialirgPn, LOWY

curation = pulsain(echoPin, HICH);

cetancelm= gweton*0.034/2;
catanceinch = duration*0.0133/2;

if (distencelm=100 && gistenceCm <= 150) //uos this for cifferant warning leveis
t

icd.cloeri);

Icd.oatCurson 0,00,

lcd.print{*Diatance: 4

Icd.print{giatencelm);

calar(S00);

Icd.patCuraon01)

lcd.peint(* WATES HIGH

Celay{1000); //meke aurs that : have enough time %o read
tone(duz2er, 1000} // 2end 1K=z sound agnal...
oelar{1000); /f —for Losc

noTens{buzzery;, // S%p sound..

calar11000); /f —for 1oec

I

eloe if (distenceCm>150 && gintenceCTm <= 200) //une this for different waming levels
t

//ca.clesrly;

Icd.oatCurson0,0;

lcd.print{*Daatance: &)

Icd.printigiatencatmy;

cealay(500T,

icd.eatCurson0,1);

lcd.peint{* WATER NORMAL ),

celar!1000); //meke aurs that : have enough time %o reac

}

elee if (distenceCm>200) //uoe thia for different wamng lovela
t

icd.clagr();

Icd.oatCuraon 0,00,

Icd.print{*Diatance: i

lcd.printidiatenceCmy);

//dalansoo);

lcd.aatCuraon01)

Icd.peint(* WATES LOW 4%

Colar|3000); //make sure that i NEve enouzh tims to resd

}
H
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Arduino Code

After you have inserted the code, click Sketch
and select verify to ensure that there are no
issues with the code.

If the code is right you should see * done
compiling © at the bottom of the skeech.

If the code is incorrect, the blue bar will turn
orange. It will cell you what the issue isin

orange text in the black section at the bottom
of the sketch.

xii



Arduino Code

Z

&

"

Connect your Arduino Uno to your computer using the yellow USB cable included in
your kit.

Once your arduino is connected to your
computer, click Sketch and Upload to
transfer to code to your arduino.

Your LCD Screen should not look something
like chis.

W,
’

' 4

’
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Connectivity

1

THE THINGS

NETWDREK

The Things Network is about enabling low power Devices to use long range Gateways to

connect to an open-source, decentralized Network to exchange data with Applications
and Platforms.

Devices Gateways Network Applications

Connect Things 15 the Msernet Extond The Things Netwerk by

Manape your Apolicaticns and Exchange data wizth Devices oo
via The Things Netwock nstaling 2 Gateway Devices or even run parts of the The Things Netwock

eSO ON YOUT OWDN SeTVers.

Alternatively

Altematively, the informarion gathered could be distributed between community members and between
communities through the use of notice boards and leaflets or as part of a community text alert system.

A4
N/
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HOUSING

Laser Cut

I

If your commmunity have access to a laser cutter, you can buit your own
housing for your arduino. Be sure to use Acrylic or a material that is water-
proof and durable.
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HOUSING

Laser Cut

Housing - Before Assembly

P Jr=

e
prret gty e
i

gt ARARA AW
144 o

ha——N

Housing - After Assembly

Place 2 Q.rings on the ultraconic sensor before fully assembling the enclosure and 2
Q.rings on the outside when the enclosure is assembled to increase water resistance. (See
above images)

The enclosure can be fixed together using any plastic adhesive - please use adhesives ina
well ventilated area and avoid contact with skin.

Foradded water resistance, use silicone to seal the joined edges inside the enclosure.
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HOUSING

Outsourced

If you decide to buy in housing for your arduino then electrical junction
boxes are a suitable option. An electrical junction box is an enclosure
housing electrical connections, to protect the connections and provide a

Junction boxes can be sourced both online and in most hardware stores.
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IP RATING

IP (or “Ingress Protection”) ratings are defined in international standard
EN 60529 (British BS EN 60529:1992, European IEC 60500:1989). They are
used to define levels of sealing effectiveness of electrical enclosures against
intrusion from foreign bodies (tools, dirt etc) and moisture.

The numbers that follow IP each have a specific meaning. The first indi-
cates the degree of protection (of people) from moving parts, as well as the
protection of enclosed equipment from foreign bodies. The second de-
fines the protection level that the enclosure enjoys from various forms of
moisture (drips, sprays, submersion etc).

SOLIDS

78

RATING EXAMPLE

asrifies and rates the

18
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MOUNTING &
SECURITY

Junction boxes can be mounted to almost any surface
including metal, wood, concrete etc.

Some junction boxes come with A simple lock such as the one
a dorr that allows a lock to be in the image (right) would be
used to ensure that it cannot be sufficient for securing the junction
tampered with. box. Other locks on the market

would also be suitable.
19
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XXii



;.J z
cog ! L nETue S

Shmeion
SRS a)
Al
7@ ale]

XXiii



N | },J.O,.,, |
: (i =RC)
X (S0 T\ /
: ST 4 .
(CHD(PQ .Qr‘i‘ ,/y DY vw
S R A= 8) e B A S A i e e M T =
RN
= 0 LT
2 5Us T MRS = o> o Bile Yo |V
«; ‘

) T

2\ON | | e
 SPANTON WIN 3500 =

I WXN —
2N _ N
ke 25032 WD Al

_|| AR D) \~“|L\~ e

SN

o
|| -
I

JOON SHL SN WH)

st
f @3 O\
,3:, CRNE
-roop o
oo YU/

AT 8

[

<Bupoa) @ocmn 3!
ﬁ&woﬂ 963 QU 5%09 , Wt M) y

AN %g 8;1@81 LSS 2

3 waxhe a0 2]

B O e = .l
.&0,.‘9 URCBUSPON |09\ 0XY)  JOSUBS \

Sy ~/ —

WHE2H 3HL

MNEM y

XXiv



o

fl

H3ANIW3Y N3IIHOISANIM SAISNI &N 30IS SIHL 30Yd )

2 S ,
__mmxm_ﬁmwy ] CBO@@@& < wmo,.,bca%m&% & COpPO) <

T ..co..:_EO,m.f Yool P
v ey gbaﬁgo%%obﬁxom@wo g -

h ! L apy Uy -
DT POY (oD S 1

i Ul

SNV Coy | By

SPRp o U -
W) %.o*@coa Uoom&m
BlRsp o) wnoo& oY -

0. QU Bowb bov Ywaie0) -

PR S ak SPIU A 38y | YA -

2 [| Uy S50 DIoows

BUume L] v B
(€00 + ioxy) Poreoad Duvopow 50 PRY 2=Us

"OQD | BN s oo S H:uvwi D)

.TOCOHVV UonrE G

from oD 50 |+ WD UL WO N0 —
SM@POR | ﬂc;,y,wv.vrd TONHEUD -

AMO JQ_J@.;\J conedad Jo O oo oy

Yowstx He
—iem huunuawsy  aock e
266590
s 0 20ven i L]
WU )

aivd 334 cziol Wk .
¥N3 002 o*.—.v
ovitk aivd 334
(=TI o ~
G ZL
AdIdX3 [Ueloyn

WL AdidX3 Bbes
20498 11 MOTHYD 230

SdON
|

)

mwc_.@cu BEoRE IS a0

o ==l R TR e )
, , e Elelgn Bl Y
D o A U WO 5&% Wich FRM -
i , : “0old

'stnj [Aen At Dol hurwwep SRR -

SWAY
vonouy OO U X!
oop 1o SRR SRR
(SERALEAY
Ak SuF UKD A0 Buan

uordad G anouno WP
PO«
Vour UowowO! Suk OF LAk Grord + cxee BuvwoR

OB JBU JNOTI0 X9 CXUA hau - hownws)
o povod o bunuut

(PIONEDS P P ~ =yodw! —
Uw#&.z.,.u con 2850 -

=ypro BUPY ood 1o AR -

ALY SAoeEnNoY AP -
| VoDOARND, YO0 WD 0 —

: Op T TR O PO

=V oD OS] DR o) SN AT WO
R uﬁo_ﬁt UDOSCAY | U DURNOOAU
S Pdes @Y S ok o booy Qb Jeshw

of Tom CONRUL SUE P Foodnd auL

_Tﬁbjmo@gw CauNERG N € N ¢ mé?:ﬂm BSOS

: DUDIEE) TOORSQ SRy OB
- @U;:%wr Doy CouoY! Iedeueud D Py |

wdQ\+ T

XXV



XXVi



Participant Interviews — Word Documents

“JUBA3 POOj PUOI3S

e 3ouaSdx3 J0u pIp A3yl 1243 PUB 1DILI0D 3IIM USULIBYSH |2I0f 343 1BY] IN0 PIUINI 3| "3Q pjnom
21343 1241 UOISN||1 3Y] JSPUN 313M AUUNLILLOD 3Y3 JO 353 3Y) UYM POO| JBYIOUE 3 J,UPINOM 35313
1243 AUUNWILWOD 33 PO} OYM 2IBYI UBWISYSY |BI0] 352M IS ‘PISIUnodua ADY3 Pooy 3se) 3yl 18yl

3w pjo1 uedidiped ay) “jer St J3jsuen azp { 1220] 184y} ySnySiy osie snoy Jueddisey

“w33shs aya jo daaydn o3 3ynginuod o3 Addey 2q pinom Azyl 1eyy ueyy
$53] Sem I JI 18yl pies A3yl 05 YO [e20] 3y 03 123k 13d 01n3 pOZ S:INQLIU0d Apeasje snoj Juedoiueyd

éw=sAs sup jo daaydn pue Suluuns 3y 10y 33} € AINQIIUOY

i3aneul paseq Ajunwiwod e ui 3saaur 03 Bulim 3g noA pinopy

-y Suisn 3q |jim 3doad
40 Aysolew 3y pue sany) s,2|doad jo ued 23ny e aq Aj2ar Isow |jrm jouypa) uawp siedh 0E-07

Asana pooyy 313435 € Jayns Ajuo a3onsiug 38l 3sed 3yl 51 1 J1 pue A1300s Aep wispow ul Suiseasnul
51 ASojouydas Jeyl 3184 3L YUM [2DY3USG AJSWRIIX3 3 PJROM 3JeMmYOs Jo 3331d e Jo dde ue |33y |

“3|qeuNs 3sow 3q pjnom ddy ue 3y pies yuedoiued 3y uoneusay
noyum ‘uonewuoul peojdn pue Jayles 03 J3521d PINOM 3YS WNIPIW JO PUDY I2YM PAYSE UBYM

1.2y [eisAld — Od Ul PieOg 330N
P3| - 3ucyy

34 - 21eM05

— ddy

&2uIsn 3|qELI0JWEI 3G NOA PINCAY WINIPSW J3jSUBS] 33P3IMOUY 0 PUR} 1IBYM

“I0SUSS POOY UMD J3Y Sunjew j0 3jqeded uey3 310w 3G pjnom
3Ys ‘uoINISUI 3031100 343 YIm papincad usym ‘pue sduaned 3yl 2A2Y pInom 3Ys 18yl |33 0P |
osjuediniued Jnseisniaua Asaa e sem ays pue diydesSowsp saZunod AnySis e jo sem inoj uedoiuiey

“ano siy3 Aused 03135 |15 23elsdosdde ayy aaey pjnom

23o13s1u] JO sIaqWBW 3yl 10 A3 eyl 2unsun sem Juedoied 3y] “3JIA3P Y3 1DNASUCD 03 PIIU
PINOM NOA 3243 [Bfs 3O (33| 343 UO puadap piNoMm 3 ples ays ! 4 ap

30 ped Se SJ0SUS POOJ} UMO I3 1DNIISU0D 03 Suljjism 3q pinom A3y i anoy Juedoiied payse | uaym

uondo Apsod aiopy inok 03 papinosd suam siosuas 3y 4 1ag3ad noA pinopy
10

ansuadxau| aaeun
paseq AJUNWWoD e 4o Jed Se S3IUSFIP POOY UMO INOA SUIDNASUOD INCGR 334 NOA PINOM MMOH

-323load 343 30 3WoOdINO 343 Ul s3I

1e2.2 pamoys pue padojaAap J3yung 3q pinod eyl SUIRBWOs 3q SIY) pjnom payse osje yuedoiyed
BYI MBIAIBIUL 3Y JO PUD Y3 Jeap 18343 51 Suipooyy 0 512843 33 31eSiiw 1o asedsud sjdoad djay
ued eyl SunyaAue 1oyl sem uondeas (eniul i3y 13fosd 3y ur padsasaiul A33A 31am ASyl pue 3wayds
3AU3IUI P3| WUSWUISACH 3WOS IO PUB|3J] 3A1B31) Jo Ued u3aq aney 0} swass Jnoj Juedoniey

“yDJe3s3J JO JYNS34 B se yym dn 3wod 3AeY | e3P] 3Y1 pue eale yosessas Aw pyussaud |

“3uo juediiyed woiy uMmop s100p M3y e 3snf 3snoy sinoy Juedoised oul p3jied apm

anoy Juedidiued — T ma1AISU|

10}PUN0) 2301 343 Aq pasissy

L10Z-50-8T 2Jonsiy

XXVii



“3 J3PISUCD PINOM ASY3 USY3 [BUIIUIL SBM 150D 3Y3 JI JINSMOH

“siy3 3y Suiyawos oul Azuow 1s3Aul A3 pjnom Aym uayl sieah gg Auaas 3duo papoojs 28onsiug
181 3sed e Ajuo sem U 3 3ey3 1o Juiod ay3 pasies osje A3y 31500 3y uo puadap pinom i Suiyihue
3| Ing U1 3s3aau 03 Sulpim aq pinom A3yl Suiyiawos 3q pjnom U Jeys uoissaudun ayy anes Asyg

éw=shs sup jo dasydn pue Suluuns 3y 10y 335 B 3INQLIUGY

£3nneiul paseq ABUNWIWOD B Ul 353AU1 03 Suljiim 3g noA pinoy

“siy3 34y Sungy Suisn Inoge duseisny; uam

pue jjey Ajunwwod 3y w pieoq 30130u e Suisn 35352ns pinom A3y 18y Sunsasaiul sem i JaA3MoH
dno.s a3e 1a3unoA e se ASojouynal yum a1ep o} dn se 3q J0u pinom A3ys os 1aydeag afe 5709 e
uaamiaq sem juedidiued yoe3 s3pun ||e) A3yl JiydesSowsp 33 03 3np 13msue siys aned A3yl juiyl |

“uonewoyu Suissadie

pue uonewso Ul SUIINQUILOD 03 SS3DE SBY IUCAIBAS 3ISYM [|BY AUUNWWOD 343 Ul pIeoq 300U

e Sumey j0 uondo 33 pasies JojpuUNo) 3yl syl Suiisa53ns JBayy 2] 10 D4 JSYUa p1saiEns Asyy
U0 uonew ol 3y3 JuIsSI0IE 3|GEII0IIOD ISOU 334 PINOM A3YL WNIP3W O PULY IBYM PIYSE UIYM

ey |edIsAyd — Od Ul pieog 310N

W] —suolg
Jd —31emyos
ddy

c3uisn 3(geI04W0D 39 NOA PINOM WNIP3W J3jsuely 33pajmouy 0 pury I8y

*21@ Sunaaw ui Sunsisse Jo wRlsAs 3y 01 3Spajmouy

umo nay Sunnquiuod se Yans 12afoad 3y3 30 e3IL JUSIBYIP © 01 INGLIUOD PINo ABYL 3ghew eyl
Swhes u| “sanjsway s105U3s 3yl Supjew 10y 335 ||njs steudosdde ay aaey pinom A3yl §1 3Ns 30U Wwe |
PUE 3N21Ip 51U Mouy | ‘s1onpoud 353yl 30 3uo SUNINISUOD JO ISP MOUY UMO AW UO paseq "SIoSU3S
OO UMO 11313 1NISUOD O3 WYL ¥SB 0 YNOLP 310W 3q Pinom 31 |235 | dnosd aSe niays jo asnedag

“umo 5133 Surjew JapIsuod piNom A3y uay: apew aid siosuas ay3 188 01
aausuadxa 313M 31 J] "1500 343 Uo puadap |je pINoM U 18y} pies Asu y 1
313 30 Yed Se SI0SUS POO| UMO JI3YY 1DNIISUOD 03 Suljiz 3g pinom A3yl JI WAyl payse | uaym

uondo Ajisod aiop ¢noA 03 papinoid 31am s10suSs 343 J1 J3j3ud NoA pinopy
10

amsuadiau) ;3a3enul
paseq Ayunwiwod e jo Jed se S3IUIESP POOojy UMO INOA SUIPNASUD INCGE (33 NOA PINOM MOH

“e3pl 31U e sem yaiym Suiuuni pue dn aney Apeauje A3yl ey
BWIYIs PIje 133 AUUNWWOD 343 Yirm Wi 313 pinod Aaya eyl Sulyaawos 3q Aew 3 3ey3 pies osje Asyy

“¥2eqpa3) poos AJan 3wos 3w aaed pue eapl pood
e sem ¥ 3ySnoy A3yl Ing uiw se yons eapt ue Sunuawa|dul Uo U3 SS3| LWIYI SPRW YDIYM UonNjos
3eip3wiw ue 104 Sujoo] ase Ajjeas pue aSoasiu| ul Suipooys 3yl Inoqe Suons AJaA 3134 e Ayl

“ynsaJ e se Juanbauj 310w 3wodaq 03 paadxa st Supooy

1eyy paasse pue 3Sueyd 33ewi)d Jo 3dadU0D 3Y3 POOISI3pUN oMm3 Juedidiued pue auo Juedoised

Ing "Siy3 41| SUNIAWos 103 PI3U ou 5 Aj|23J 3133 18Y] pue 31es AI3A 51 'STOT 40 puUS 3yl ie
paduauadxa 3Uo 343 Se Yons Pooy e 1ey) pandie 3y "PIDUIAUCD SE 30U sem 33y Juedidiued sanamoy
yum dn 3wod 3ney | 23pI 343 INOGE JNRSEISNYIUS As3a 313m oml Juedoived pue auo Juedosed yiog

“ynJ23531 JO 3NSaJ B B yuMm dn 3WOD 3ABY | 3P| 3Y3 puE B3.e YdIeasas Aw pajuasaud |

“Suisia asam 33242 Juedoiyied pue omy Juedoiued aisym asnoy s,auo Juedoised oul pajjed 3

— T mars

10jI2uno) [230] 3y Aq pAISISSY

LT02-0-8T 380nsiu;

XXViii




°S,00LT PIW 3Y3 sem 1ey3 pue Aeme

paysem u3aq pey s3snoy 3y1 |y "PAumo.p 313m 3|doad xis 10 3AL U SEM JUIYL | pUB PSPOO]} SBM
12U "YU UOC S3SNOY YUM 3UB| SISABIM P3|(ED ABM3BUE| B 51 3U3Y1 Y3 "35pLiq 3uo Ajuo 5,353 ‘I3A31eYMm
‘28puiq plo 33 Jo 3s3y dn 32puq Mmau Y3 18 Y3 ‘S,00LT PIW 343 U] "saEpLIq 30| sey ‘spaupuny
u333YS13 ‘UIUBASS ‘UIIPNS YL YSNoIY3 UMOol 343 joeq 5303 umol 3yl ul Suipooy) jo Aoisiy 33 0§

“yeaA ‘mouy no), "1Se3| 38 PUNOIS 33 HO 3003 USIUIN0S 3G P, 100} XIS WL,| 1BYM
~poob b 5,304 ~ffo mou g 10y3 pinom ybiy moy

“LP6T Ul sem eyl ang

“souy noA “yoeq 3yl wouy ‘Jeoq Agq 3snoY SIYI WO PINdS3U U3aq sy pinom ydoag

“213Y 100)3 J3ddn 3Y3 UO S|jis MOPUIM 3Y3 03
dn uaag aaey pjnom J331eM 343 pue 313y pooy Jolew Ajjeal 1se| 3yl US3Q 3ABY PINOM ‘MOU /HET 3417

“4N3s 30 0s Jey) ‘pooyy Jeak 00T Y J0J ‘05T 3Y3 103 ‘pooy
1234 0QT 33 10§ ‘pooy Jeak 0g 3y 1o} I Jjed op 3Yy3 I 2133 Suiop 33 A3y1 uaym ‘og

sieaA OET AJ3A3 S3W0D 3 18yl ABS 03 30U 5,31 ‘UBSW | 12YyMm Mouy noA ‘Jeak 3x3u pooy
1e3A 0T J3y30oue 132 pinod nok ‘A3 sejnoiued syl 031 ‘3duo 1583 18 yead |pm sl 3yl ‘pouad Jead
00T 40 0ST Jo pouad Jead pOT & ulyam “Jos sadesane Jeyy Suipooy Jo 3jeds e Aes 533] ‘Y3 ‘aney Asyl

“pooj Jeah 0T AJaA3 S3WOD U 1Y) UBIW J,US30P Y

EON

"SUBSW 1BY3 IBYM MOUN NOA J1 mouy 3,uop | pue ‘pooy Jeak DET 3yl 31| sem U pooy sendiued
SIYY UL ING 2Byl Yam ‘W ‘mou noA ‘wajqosd solew e s,2u341 0F 513005 Y3 UIYM 3snedaq ‘Y3
-0Se syauow g INOge ‘31343 PIP | 38YyMm 5,382 ‘Mmouy noA ‘Suiiad 3yl Jo saydout

XIS UIYIM O3 WSYI P3AOLW | PUB 133} 7 18 Wayl pey | ‘dn 533005 343 || paAow | Mou Je3A syl puy

“3jey e pue 3003
T dn suuoned uo dn jje a1 Aay3 pue woos Auin e w Ind | asnedaq wele 3 03 yeq Sulwod w,| Ing

~adesols
‘wa ‘Aes noA pjnosm moy ‘Y3 ‘oaul siesumop Suluing usaq 3A,| pue ‘Y Jo 3no siieysdn w | 0§ 3BY
dn uaydy e ying pue 213y dn panow | os ‘3w Swssasdap Auaa e ‘pIpIDEp | 3w 3YL SEM J1BYL OF

‘pP3pooyy | 3sNEd3q ‘uesw | Jeym mouy noA ‘eaue siy3 Joy duelnsul 132 3,ued | puy
“jie 31 350] | pue ‘sdwind 353y3 4O SISEQG 3Y3 UO UILDIY M3U € Jing PeY |

“Sunwod yday asnl y
pue §013,0 ZT ‘1eym ‘Inoqe jju ‘poojs Jejndnsed siy3 pue Aeme Sunes a1am sdwnd omg 3y ‘wa Ing

“puels 313Mm pue ‘sISIpIUNYSP
u1 338 ‘smopuim 3y uado ‘Ino 3 Aup ‘Ino 2oejd 3joym 3y1 3soy 12mod | ‘|eap Sig ou sl 05
"} SEA 3BYL IBY3 SBM JBYL PUY “MOUY NOA ‘|3A3| J31eM 33 3n0Qe

sy XIS 3Jnuany Y3 da3y 3snl 3m 3 03 3sn 05 w,| 3§ pue ‘aiam pueis asam ‘ul paxyoy sdwnd
3Y2 puy 14313 10 USA3S ‘00T U SBM Mouy 3,uop | ‘Y3 ‘J3ySnep Aw yum 313y Suia| sem | ‘wa ‘moN

¢34211 ‘spooyy 3sow 3jpuey Aay: pue sdwnd oma 3aey | pue ‘og

“Suye 3y1 ySnoay ‘33 ySnoaya Jo ‘a1 noA
31 3|q=3 J33em 3y y3nosys palsayy 5,3 ‘a3emas 4o [|ny 10U 5,3 Os ‘Ja3em ueap Auaa Ajjewou 338 | og

{T0:£2°T) "Pool3 30 adA1 e

s3243 0g "100|3 3Y3 Yy3nouys dn paysnd aq | 3] ‘3iqel 123em 3 Ajjeniuana Ing 13y ul Ap 3q pue saau
3Y2 Wouy Aempeos 3yl UO 3I3Y3 IN0 133} IS JO 0M] 3ABY UeD | ‘Bunssaud J33em Aw pue ‘Ul s3Wod
131BM 33 USYM ‘05 “J0oj 3Y3 wl sdwnd 3jqisiawqgns om ul Ind | pue saiesumop spooy pasdey aa,|
*SHBISUMOP NOA MOYS ||| BUOP 3A,| 18YM pue ‘Sulyl [BWIOU B 3G PINOM JBY3 O "POOJS PINOM 3813

Aoxo

“"3BY3 UO SISNOY OM] JO SUO $,31312 ‘POOY PINOM 333135 5,YsSIep puy

Yo,

“AJp 3q p|nom UMO] Y3 PUB POOj3 PINOM | 341 ‘sI23A 3Y3 JO ||B Ul ‘05 "SPOO]; jRWIOU 3G Pinom A3l 05

-zoejd 1ayi0 33 3q pinom ‘AUeiqy pjo 3y Aq
J3A0 19335 S,YSIB W3 TUMOP 1SIMO| W] 3SNeD3q Ajuiew 313y 1511 3Y3 JO 3UO 3q p,| ‘POOY 03 35N
123 SUISNOY 30 SWL3 UE 33| ‘UMO3 3Y3 Ul SB3JR OM3 JO 3U0 AJUO 5,3J343 ‘UMO] 343 03 UORE|31 Ul Ing

(2uoyd Aw uo J3piodas 3yl Inoqe 1eyd uYd 3snf “xoidde spuodas ¢ 1si4)

TOPT LT — T M3l

+2ulp10d31 3534 JO pul,

“(s8uws auoyd) 3:auwwod
POoOoy pasiuedso ue ARY 3,U0pP SAN "3 Ul PA1S3I33UI 3G PINom eyl sdnois snouea aaeY pIp 3m ‘ON

¢33/ ¢33)wWwioI poolf D 3ADY NoA Op fj3531 UMOISOWIOY | 0F UORD31 Ul puUY
Jus0UDS

'sSuIyl M3} B puUS 03PLA 383 NOA MOYS UBD | pUe 32130
Aw 03 1340 02 ySiw am 1ey3 210339 pue 2uoyd JnoA uo sydesSojoyd maj e 3382 UED NOA 0S pue ‘Yesy

wafiad sa041

“mouy nok ‘1eys jo eapi ue nok amS ued | pue SuaauiSus Yos 18Y3 JO AWO0S

SuuzauiBua yos Suiuiedx3 (j|ed auoyd e Aq paadnuaiuj)

SPu0d3s QT'SE — T MalaIaau|

umolseWoY | Ul J3A 3y Suoje paiedo) 3sNoH

umolsewoy — uediiueg Yum Matazu|

XXixX




{¢970T°2T) "(Buyiawos Suiop jo poyiaw Jo Aem sejndrued e) ipuesadp

snpoyy ‘Aes noA pinom moy 4no ojur 3ey3 308 am 1 ‘4o unowe 3Sny e ‘mouy nok ‘1o Junodde
PINOD 3843 ‘3q 03 SBY 1Y) PUB 35B3|31 MO[S 33 05 ‘33e1s 1xau ‘a5e3s 13U ‘Umop Y Suimols ‘suwep
Axes) ‘1a3em 33 o Ino ASi3ua 3yl Sunyel ‘dn Buimoys (Ausuaiul Jo sSO)) uoienuae ‘sl B3PI Y OS

{D0°00:ZT) ¥ ¥ 3no ASs3ua ou Sunjel 31,noA “J33sey 31 Sunjew 31,004 12Y3 31| J4NIS PUB 3IBIOU0D UL
Suind Ag os 253 UIelUOD 03 3|ge 30U 5,31 ‘su ‘AsSue si13Al 3Y3 ‘B3 05 ‘UsodIp I Yum udW | JeyMm
mouy eA “J3y3inj umop 308 ue Jo s3uenb swes ejj3) 13430 3Y3 ‘po0j} B 03 3108 Ue Uo J3uenb saso|
J3uwe) siy) "siunowe 38ny Suisog 34,4312 pUe J3AL UBUIQ 3Y3 UO SUNJIOM SUIW O PUSL) B S 33
‘w3 ‘sSoq Swuresp 31,43y 53311 ‘Y3 ‘umop Sunand 31,4343 ‘Ajjenunuod 11 Sulop 3.e sI3wuey I3

(s43au Suizpueaw — s1anl yum Sulausiu jo saSejuenpesip Inoge Sunyiey Jamanuaiug)

(€6°£5°0T) mouy nok

‘08 03 Aem 213 S1 123em 0 SDIWeUAD 3yl pueisiapun 02 2wAn pue aumeu yim Suipiom yuiys | ‘og
“dn 4 51,3t 05 ‘mouy noA ‘aiays 0 In0 Jalem eyl 338 3,ued nod paydeauq sieys ‘sieys duo wajqoad
UBIAYIP 3j0YM B S31830 U pue ¥ dois 3,uom nok ‘31 doys 3,ued noj ;S ‘saydul 7 3003 § 38 3 pjing
noA Aes 3snl s.33] ‘Y21 300} 5 10 Y21y 100} { 1B B PIING NOA 41 MOUY 3,U0P | ‘Y3 “3xq) 53] U 40 “Ajjeas
S1I343 3pIs ‘Y3 Byl 40 3wos yum Suieap su wajqosd 343 Yyim Suljesp 10u 5,31 3yl yum Sugeap
Ajjeas s, ‘wieSe puy ‘3ued nok ‘ueaw | Jeym mouy eAp ‘)l 335 03 3|qe 3q 03 pIAU ‘JaA Y318 138

03 3)qe 3q 03 pasu 3|doad Inq ‘Yeak ‘JINg UO HLIE) Ul JUIIXS UL 03 U 3uop A3yl ‘Aeme JaA Iy uayeY
an A3y1 ang Addey aue 3jdoad |3wuol) §oo] Aes [Im A3 pue [2WUOCE) Ul SUop ASYl 1BYM SI YIYM

-a1doad 3y wouy Aeme 1aAu 343 33e1 JouUEd NOA pue mouy nok aSeauay

e 5,31313 05 ‘uaddey 1243 |im Apog peap Aw 13A0 w3l pjol | pue ‘ui Sumind pue 12y Supouy

10 Sunjuiyl 313m A3y 213y punoJe 3Wed M40 Y3 usym 3y 32e3uay ‘og "0 dn pan 3Aey pjnom
51204 Siq 35043 0 JWOS 313y S3ULI UOJ 3YSNoIM ‘S2UL UOJ PO JO S10] 3IB 33U 3U3Y j|eM SIL

ul 05 "213Y3 In0 313M Bu0| 1933 0§ JIAO JO SIEOQ Y3 PUB LWL SY JO ‘MOu NOA ‘OGN SYI SBM 13N SIYL

cianis 313 buopy
“3BYl JO || Jnojj ‘sapAy ‘Y2 ‘Buocisawl) Jsquin Bwl|

142nouiq 3ABY PINOM S, UBLION Y3 ‘Mouy noA '253Y YySnoJsys umop Juam [2ipayled siuep “Is 3ing
1BL3 BUCIS3WI| Y} ‘BUoISAWN YN Y3 03 3uBM ‘313Y YSnoayl umop awed Auuayjny 10 Jyjes) wodx3g

($3:60°6) 2u3 Jo |2 Ing mou
3 juiyl 3,upnom noA ‘jje 0S "0L6T 01 dn umoisewoy] jo wod uiew 3y 1o Aenb 3y1 2q 03 3sn Siyl pue
11em Aenb pjo 243 53] "ul Suijje) sem 213y [jem SIY] "|[2Mm Se U o s1dadse 3Selusy 3ue 3uBYl puy os ‘Y3

-Suoje umop ‘umop
7a0uy BAP J|EM 31210U0D B 33| 20U ‘WY1 1340 0F pue 3soy) 3zeaS PIN0d 3RIBI PUB MOUY BA,D ‘MOjIM

yum pajuejd 31310U00 1Y) JAYIel Spunow Aep aasy p,noA os Jo Jo Juaunaaal ‘Aes nok pjnom moy
‘Y= 40 oS |BINIBU IO 3] P,J J3YLINS UG B 3In0 Sunow ‘uSy pue 313Y3 Su Yyum Sulesp s eyl os dais
151§ B SIBYL — JSUMO SSBUISNG 3Y3 JO JAUMO PloyIsnoy 343 01 ‘a3 03 woddns pue Juswssasse uy

“S1 UOLIN|OS 3y JBA3IBYM
Mmouy NoA 3o suwep Joop 1o 10 sdwnd ueauenusigns ‘sdwnd yum 13Yua 1eyl voddns pue papajosd
aq isng JO p Y ‘lenpraipul yoes ued moy ‘o3 Suihay ‘ya ‘Aq ssedoad ay3 1els pinom | ‘og

-3ey3 Joj dn 335 03 3nBY NOA 05 SWR3WOS

papooy e 338 euuos 31,noA pue uied poojs e Ul 31,n0A USY3 J3A & AQ 3A1| NOA §1 1Y) 51 351|B31 03 aney
SUMO3 1eYM [213uaS Ul ABS p,| ‘INg "2UO YIS 10J JUIYS | SUOLIN|OS JUIIYIP 3Je 3134 Os pue jo sadAy
urew 3y aJe Isoy ‘s, 2133 05 yeak ya puy "doys ¥0oq 343 ul $H00g 3y} j|e 150] 3YS ‘JOOP Iy umop
jezauq o1 pey A3y3 os Aeme sem doys jooq ay3 ul uewom 3yJ Aeme 313m 3jdoad om1 Jo 3uo puy

‘mouy nok ‘sasiwaad 3ys ySnoayl J31em 343 13| 03 3ARY NOA OS SMOpUIM 33
3sed dn sasu ‘sasu ‘s3su 35nl U ‘U1 §20iq NOA J1 pUB S3SNOY JIAY3 JO YIBg Y3 OJUI SIWOD U pue ‘uaya
PUIYaq {9767 L) SIS J3AL 343 Quasap st Suipooj) B3yl 13313 ulew 33 uo sdoys 4o 30 B ‘w3 ‘Ing

Y SEM 1842 ‘MOUy NOA 1333 3 7 Mo[2q 3t da3y 3,UpINod |jus |

-2s3y Suio8 dwnd jas31p jeiasnpul Siq e pey | pue
243y Swod dwnd Awse ue pey | 213y Swiod sdwind omy Aw pey | ‘a1 asuodsal 1ea.s e pey am ‘Y3

“Sunwod s Jeym mouy am os ‘Jo
HOS 3joym e ey 3Mm 05 3w Suws pinom J23uSua (820 Y3 Y3 3neY 3\ "STUIUIEA O SUIOS ||2 3ARY 3

“Ajjeanewesp p du 3Aey suoied) 2 33 ‘seah siy3 ui “Aes 03 aney | ang

“4M3s Jo oS ey pue Apeal wayl aaey 03 sSeqpues Jo 13jed e 333 asnl

10U 3m ued 3y sBuiyl SunsadSns sem | puy “wayl djay 03 3uo ou pey oym ‘a13y Aenb 3y Suoje dn
43 ‘U3Wom J3p|O 0 J3qUINU B 51 3133 ‘BARY 03 Ausoyane [e30] 3yl yum Suipeajd 3q |im | puy Duyen
dois 03 peoJs 3y uo N0 |3useq Jey 3y Ind oym 3uo 33 W] ‘sieak Auew soy Aes 03 aaey p,| W ‘puy

“mouy NoA ‘ul ¥yoeq a3yl punoie ‘asnoy 3yl ySnoys ur =em Suaup pue jjey

© pue }4T Jo UT 28 5,31 uaym ySnoyy Suiup s,pXp Ul sANS pue s¥onJ3 yum sieal Auew 103 pue Apeais
J3yns | Ing “pooy jo 3dA3 Aw s1 J00]3 33 yInosyy dn saWOD 3843 3U0 Y| "pooy o s3dA3 Jusap
Auew 5,313 3uns w,] |j3M ‘dn s3Wod 18yl 3U0 343 5,38Y3 ‘Pooys Jo padAy omy 2ue 33yl AemAue ‘og

‘noA moys 1snwi | ‘uowies paydesSojoyd uayo | pue sam padeys s e
SeM JI9M 343 40 [leM 3uQ “SuIyaAians 150] 3M pue 800T Ul PAYDRII] 1M INC 3J043G MOU NOA MOYS |||

01055

{uowyes inoqge Sunyey)

“MOU J3Y33 35041 J0 AuBL 003 335 3,U0p NOA [|3m Suis uow|es 33s ‘mouy noA pue i3yl Ino
300] ued NoA U3YM Pooj) AU puiw 3,Uop | 3w Of ‘uo J3ijsea nok o) Suikes sem | se ‘mouy noA ‘puy

“13n1d 33 Aq 21p noA “1aau 3y3 Ag 3a1 noA ‘Ln3s 30 110S |BNUIIUOD B 5,31 O

“1an31eym pue ‘pasiedas pue ‘umop Aem ajoym
343 150| u=3q aney s23piiq o5 "Sulpooys jo A1o3siy 33 03 uone|3s Ul syded uo NoA puas ued | ‘aney |

XXX



“s)su aumny [enuajod ssauppe 0} A1essa23u aq Aew jey) sainseaw aumny [egusjod
apadwi jou op o/pue ajgeydepe ale sainseaw pasodoid ay) Jey) 2INsUS 0} “y§su pooy
3y} ssaippe 0} |q1ss0d 40 JualudojaAap pue SUORGO 3} JO UOHEISPISUOD
Y} WUOJUI UBY) SIUSLUSSISSE 353U "3SU [9AS] BIS UBSW WQ'| pus ws'g e

‘ajdwexa o} ‘apnpoul (S43H pue SAHN) ‘SOLZUSIS 2INjng pu- ybiH pue abuey-piy
2y} “abueyd ajewip Jo S I d ayy ¥ ot 9.8 1By} SOUBUSIS 3NNy
oMy 1o} ysL pooy mﬁ vmaaNE vcw aney am * Id WYH4D 2y Jspun

:Buipooysabueyd ajewn|d jo AuaAssS

PUE UOIIEI3|220E Y] IM [eap 0} paubisap y Jap Mau AU} Iy

‘asue sanssi § Jabuoj yanw ag ued

Sy} pue ‘BunuawWwWwod uonanIsuod o} dals Isuy auy EPc ai052q s1eak maj e Aeadhy
s13] "22e|d ul Ind 0} AcoaoE.u:ou puey OB ‘ubisap pajielap
‘uoIqIuX3 pue uogey U3 'y Rmaiseay)
sdajs Jo Jaqunu e aunbal moou —:n ‘faea ued oEOcum e Juawa|dwi 0] uaye) awg ay |

ipasodoid ajep ay woy
aoejd ul Jnd aq 0} 3WAYIS 22UIJ3P POOY € 10J 3ye] )1 saop Buoj moy AjybBnoy

“(skenp yinog Aayr sy Buoje Ajuaund pue ‘SIaAlY BYIOL PUE J2ppoq) uliang
ul pue siuug ‘pioualepp ‘Aouad “Mojiep ‘|Rwuold ‘Auuayng Ul S3WBYIS Ay} apnpul
pinom sajdwex3 “HI0M INO JO SIUYS-JBLIOI BU) JO SUO UIBLUS [jIM PUE LIS SHIOM

uonaajoud pooy [einjonns vﬁ:w&u.nE_ .._oon sey :uE_s ‘(-213 ‘zoualisal ‘asuodsal

fouabiaws ‘Buys )} pooy JgeUR); “63) bl
}SiJ POOj} [BJNjONys-uou 0} co.«:wuw 521216 e pap (00T u ¥ 09
Aq panoidde) dnois mainay >o__oa pooj4 2y Jo uoday auy ybnoyyy 'saA

£Ppaynsuod aqnd
3Py & 43P pooys jo 1d au un )i joAul Aue aey MdO 3W3 oa

“LTOT 0} SUNI Jew SA3Q SPOOL, 3U} Jo uonejuawadwi

23U JO 2040 IX3U 3} U1 ¥SU 24N U0 SN20} JS1eaub B osie sjedionue 3, “uoiEdo|

-aJ awey Agjunjoa pue (skemuoop ssoloe sajeb pooyy “6°3) uonoajoid Apadoad
[ENPIAIDUL SE YINS S2UNSE3LU JUSLabBUBL ¥SU POO) UIELISD YIM JSISSE 0} S3LUSYIS
Joy suondo Adijod BuuapIsuod st dnoiH uogeupi00) A3ljod Poold euswpedag-1aju)
3y} pue ‘sease jesnu pue saipadold pajejos] 0} YSU SUR L0 SUBME 2IE 3M JSASMOH

“Auno? ayy
puUNOJE SARUNWLOI OOE SIPNPUI Swwesbold WyH4D SU pug 'SUNWWOD J3|[Bws
3OS puB ‘S3IYI pUE SUMO] P IppE aAey s303f0id [ENPIAIPU] “S}IOM Uogaj0sd

Aynsnl 0} ajqe 2q | am Jewy A2y 2s0w st ) 22 wuo..s. 2ouay pue Jueoyubis
JSOW pUE P3)e]U2UOD S YSU POOY 3U} 2I3UM SESIE UO PISSNIO IABY 2M 3)EP 0L

£SE2IE |BINJ J3[|RWS 0] PUA)XD
os|[e ) S30p 10 sanId pue sumo} dn Jjing uo snaoy Auewnd Mdo 2u) ssoq

“J3PUN YOM 3M 1Y 343 UIypm
ss320.d Buluueld ay) si jey) $$300d UCHIGIYXT, |BULIO) 3U) JO SIUBADE UI pjay ae
$Q0d Jepuis ‘(awweibold WyH-4D aU) Jo 3pisino) spaloid awayds Jallal pooy 104

“sL 10} sjesodoud ayy i pue

sdew pooy ay) 31EPIEA “YSU POOJ JO BNSS! Y} JO SSOUIIEME ) 3SIEJ 0] SAUUNLIIOD
ay} uim Juswabebua aaey 0} [BQUISS2 3SaY) JAPISUOD NG ‘SQDd swweiboid auy)

Ul $32IN0S3J JUBRILIUBIS PaJSaAUI IABY B/ "0)3 ‘swiajqoid Y} SAJ0S 0] 3UOP 3G PINOYS
1eym Jo suoluido o} ua)si| ‘sucnsanb Jamsue ‘Wayy Joj ueal A3y) Jeum 33s pue
SS3UISN JO 3WOoY Jiay} pul ‘ase sdew ay) Jeym uiejdxa 0} Wes) 31} YYm SUOISSNISIp
30B}-0}-208) aAey pue ‘suoljdo 10 sdew ay) 3a3s 0} Ul 3Wod o} Apunpioddo ay)
Aunwwoed a3y} J0 siaquatu 315 am ‘3oueApe ul £jj200] PISIUSADE aJE J2Y] ‘SIUaA3
3s3y} Jv "3oUBpUAYE Ul ‘AUOLINE [B20] 3Y} LAYO PUB 'SJUB)INSUOD INO PUB MO W
woJy Yels ypm (1032 ‘ja10y ‘anuad AQUnwiwod ‘saduyo j1ounod ‘Kieldg)) Qunwwod sy
ul anuaA 3jqepns e ul Buluass Auea 0} awn-youn| woy pay AjeaidA ase sgdd ayL
“Apunwiwed jey; Joy 101d pooy} ayy Buy Joy ndo ay) pue sdew pooy au}
U0 }Nsu0d 0} (SgDd) sAe@ uoneynsuo) dlqnd 00 AUB3U pay 3ABY aM ‘UORE}NSUOD
leuoneu AIoinels ay) o} UoRIpPE Ul ‘(3I'WELY MMM) SwweiBold INWHLD 3U) Jod

2abBeBua £ay) op moy ‘Iamsue J13yNa 104

“sjoedull [2JUSWUCIIAUS PUE OIEJ 1S0I - JU3US( JIWOU0I3 3L SE YINS SI0PE) I3yl
SE |jam st 20uB)dadode pue Juswaaibe ‘sMalA [220] JUNCIIE Ol S2YE] JBY) APUNWIWOD
12y} Joy awayds ajeudosdde ysow 3y} Joj Bunjooj ase am se ‘sysom buisodoad

342 am 2J3ym SAQIUNLWIWOI Ul SIapjoyayels pue aiqnd ayy yum Aineay abebus ap

;aleas abiey 1o jjews e uo aqgnd ayy yum abebua pdo
ay) apisBuoje yiom jey) suonesiueBio sy} pue sHIOM 21jand o 3P0 Yl og

("912 ‘SjuaAa |eUCHELUSUI / |BUOHBU “SaIANOE
N3 42y}0) B0} 13430 Ul ANOID 3L JO 3AREY da) pue juiod pejuod liewud -
dnos9 ayy wouy pue Joj sjuawnaop buwainal ; buuedaig -
dnoig Bunpop ay3 jo sbunaaw Suueyd pue buluue|q -
:papnjoul saniiqisuodsal Aewud Aw awg jey) Suunp ing ‘Jesk g Jsye
S10T Jo pua 2y Je spooj4 Lo dnoi9 Buniopm N3 23U} J0 uBWAEYD S umop paddals |

SalWaYos Jay3) pooy Jo ubisep 3yl —
¥su pooy 0} Ppadsas yum sepuoLne
Buuued pue 914HQA 03 sapinoid MJO 2y} 2d1nas Aosiape buluueid auj -
PpugjaJ| Ul 3ARdAIIP ,SPOOY,
N3 3y} jo uoneuawaldw 3y pue (awwesbold Wyy4D 3y) sswweiboid
juawabeuew pue buiddew ° ySiJ POOY} feUORBU 3Y | -
30M JO sease Bumojjoy 3w Joy Apiisuodsal
2ABY pUE ‘UOISIAK] 23U} JO 3ouBWwIopad pue SSaUISNg 2y} Jo Jusluabeuew au)
Joj Anqisuodsal aaey | ‘UOISING JusWwabeUBK ¥SIN PUE 313y POOI] 3Y} JO PEsH SY

29|04 253U} Y}IM pajeisosse

sannp [es2uaB 3y} JO UMOP uNJ LIoYS € aw 3AIB nok pino?) "spooy uo

dnoiB Bunjiom N3 2y jo ueuuieyd ayy Buiaq yyum Buoje uoisiap Juswabeuew
}SU pue jaija1 poojs 3y} Jo peay aie noA Jey; a1 INoA wioly Jey} aBpajmouoe |

b

SNOILS3ND HOYVYISIY - MdO

XXXi



2313 $30U333p paey Jou — Suiod
Asuow 3y 335 01 JueM 3m 353yMm s Inoge Sunjiel aue noA 18yl Suyl IDUBIISIS SY L "3ININS Y] S SIYL

waisAs 3y3 53] — dn anel ap

“mouy 03 Juem 3up 3snf Asy — Auunwwod ay: Suidjay ui s3j01 133
pue gol J13y3 JO WS PIPUILIRI IABY 3M 35NBI3Q — AWSU3 3y3 3Je 3am- sn pasaneq isnl aney Aayy

Jnyasn 3q 3w eyl 3133 JUSWndop
e aney 03 2ulof aJe noA swaysks ay3 12 joo| noA 1 1ySi ase nok Ing Sy 30 3uNJeu Y SIBYL

SIUIAS I50W
ut sn aaes Ajgissod pjnod pue Apyadosd paienuane sem 3y S IW 00S-00p 3323 P|nod ueuldq ayj

illesm 3y3 38 sanIUNWWo)
p215322ns Sulaqg jjem 3yl 10343 03 UOHJIWQE P3IeWns]
dn s2wod J331eM Y3 05 sound S1 UMOY 3Y )

02 0} 313yMmou seY 1 PAIBAS|S 51 J31BM JBAIY pue| 3y} 1o Sulwod puodas sad J3jem
wd T 3AeY 3M 0 "pu0das Jad J31eMm Jo 33w g OT Ajgissod Suikiied si 353y J3AU 32| 3YL

JUBA3 (WNZ-0S B Ul 3UOJE JUSWILYIRD 341 10 SUIWOoD Si J33eM JO Puodas J3d S3N3W JIgnd £ Jewns3
3M UMOISBLUOY] Ul 3J3H "3,US30P 3 ING J3AL 33 WO S3WW0D SUIPOOjs Yl 18Y3 SHUIYL 3U0AIBAT

JURIBLPP S AUUNWIWOD AUSAS — [BUA SI POOJJ UMOL 3Yl MOY JO Sishjeue uy

1243 UM [B3p UBD 3 AR30 S 3BY) 33| [|BWS B 5,31343 3
5100p JINEJPAH

1312 (3d3a pue 133em dn jeos — apisul jeuaiew Aip — sBeqpues maN

pay
iRl JWQL-0Z — J3quiy
30 —u331g

u3342 Jaque pas - ddy

|euA st Sunusem Ape3

o <,

-asniadxa pue a3pajmou [e20] Sul ueys Janaq SuyioN

“PAPICAR U33Q 3ARY PINOI JBY) UORBAR|S (B3R — INYS P3|
a13m 53329 350| Swaq 51 33pamouy 12307 “dn paddow pey 3jdoad 150w SINOY S WIYNM STOT J3UY

-233 dn suod Anud3|2 anow 218433 183 SAABYS 371 J33eM POO)} 03 puodsas A3yl eyl 05 s3woy
pue sdoys 3y3 30 [|& IN0 31y 03 JUBM 3M S||eMm uo Asuow Suipuads ueyl JSYIes S ) JO 3PIS JBYI0 3Y|

“32YM 103 3|qisuodsal 51 oym pue woly SUIod i J3eM 3yl 3U3YM AJIUSPI 03 PA3U 3
53|01 113Y3 3Je 32y cpuodsas 03 SuroS st umol SIY ul oy

"uonels enusjep 3yl ou padsnid 3q o3 paau a3

*sinoy 40 3|dnod e jo Ae@p B SuIS3s Ajuo 3U3M JINUIW 313 1Y

“syieam Suiyoeosdde Inoge sn Sulj3) 3U03WOS pa3u I

Py 3q 03 SPA3U 304440 33w 33 ul Tunys sem sansoy, ‘sdwnd

10 SPEO| 1507 "SUIYIBW U0-0§ € 350| AlJe3U 3\ "3D1A3s 33w 3y Aq papiaoid ojui 3y Aq pajnuaso
SeM | INQ INO UBNE} 3 AUSUIYDRW 343 |2 3BYI PASIADE | "SN SSIU 03 SuIod 3,usem 3 MaUY 3 DRURRY
uI31s3M 343 ssou0e Sulwod 2doIng UIRSI M O I2US IYI JUOI B SBM 313y “jwi§ 03 papesSumop sem
3 uoou Jaye Aepsiny] UO ‘Ules O [WQS UBAS 213mM 3D1US 33 Y3 ‘St aney am ws|qoad a3y jo 2uQ

3w 103 Ynoyyp 3sow sSuryy ew 03 Suiod Jeys si ‘aw 13ye 03 SuoS 1ey3 St MOY pue 3310A B NOA
Suwis ase Aaya nok yam uonewoyus aieys A3ys 3| "uonewojul Sulieys jo paiess ae ajdoad ysuj

P i Jo 30|
sanIuNWWos 3y padsal 3,uop A3yl pue anijeusalje 13430 Aue 18 j00] 3,Uop MdO YL

Amoys si 3 ‘SuiBueyd Jou s Suikes Jou w,|

A3unod 33 Ul s3I UowWies
153q 343 0 3uo Suiney Jo sIY3URQ Y3 335 3,uop Auolepy “19A Aunod syl wi 3eya 323 J,uop I

Suiuonduny waisAsoda jesneu a3yl uo Suipuadap
st 3] 3o Aem 3y pue Ausadsosd nay: 1eyy Asyy “say > Siput A

“snoauejuods sy
PUE PlIOM 33 SSOIDB SIUUNWILWOD Ul SULLINIDG S| JBY3 3DUBI|IS3S Jo [[Pmdn siys st Suuaddey st zeyp

AsoZ33ed Jeyy oyl yy 2jdoad 30 908
3123 3,uop Ajje3s A3y) "pakonsap san 3Y) 335 01 yEnous Addey aue uopueg jo 3ydoag

uonNjos 343 Os[e 348 3M Ing Wa|goid 3yl sAemje s suewny “wa|qoid
3Y3 J2A3U 3B suBWINY "wajqosd 33 shemie st asmeu ‘auneu Jo Ino Sulyiluaaz el asnl suewny

Ajaanalqo siys 3e 3oo| 03 Sulos ase jeyy ajdoad sijuem op noA Jeym

Aeme Suio3 3,ust siy3 pue didoy poos Asaa e Sungnd a1,nog

LTOZ AINS ;9T — M3IAIZIUE UMOISBLIOYL

XXXii



Sunpawos Sulop 312 nok — Paye ue sey Suiddup 31,noA 31 pue dup dup dup s3;

umo Jnok 3 ayew pue ySeueweuanSiesy qess 0] pI3UNOL

Aonsap jim ays pue apinosd
111 3Ys — J2AU Y2 JSA0 [01U0D OU 3aey 3m ey Sundadde 3jdoad J0 3uols3|Iw 31331 3843 01308 M 3
pue|as| w san 3saSie] yunoy 3ya Suoje uield poojy & w 3A) A3yl ang

Ney 5,35/3 3UOSWOS SABMIB SEM 3l — STOT STOT U1 343y pauaddey
1eym s ey pue pidnis Ajjeas SuIRIWOS Op PUe Ul SWOD jiim A3YI USYM S By PUB JUSWUISA0S
3y pue OO0 Y2 Jweq M 3pdoad ayl 2s3ym 33e ue ur 3a| 3mIng 20 dnasem ezuZ e s

1843 31| Suiyaswos Joj uejd 3,ued 3p

ou pue 23y
BY3 Ul 3AI 3M — 3q P|NOM 1BY3 MOY $0 3dIDUOD OU 3ABY 3M — Pooy Jofew e Joj pasedasd Jou 21,30

351n02 3SUBYD |jIM J3AI Y] JUIAS pooy Jeak 00T 2 302 noA

P3AOW 3ABY [1M JBAL JBY3 3UI| 3YI UMOP
suonessuaE M3y e 18yl 51108} 343 — Juauewwad s JBAU 343 38Y3 JUIyl 3m — uiejd Poojs 3yY) ssoLe
yuoy pue yoeq Sunesdiw uasq sey JIAL 1Byl — J3AL IR JO 3PIS JSYNS SPUSQ PUR SIIN 51 33T 1M

noA 3eym pue — 33/ e Jo 3Tew 331)|31es 8 WAL Moys i 1eyl st 3jdoad moys ued nok Suiyl 3uo 3yj

Jey} se 3jduns se sem 3 pue — suiejd poojs dn pauado pue suoisoss Jo 33es 3saydly
ay3 aney Aayy asaym saoejd paynuapl Asyl suoliw Suipuads jo peaisul — eljensny Ui wod 1s952ig
— 1any Aeunpy — Suiseanul 51 siyl pue suod Jno wouy 3jis SwSpalp Jeah AJaas uoliw puads 3

suonduNy JaAU & moy dn Sxew
03 5308 1ey3 Suyifuans jo uonepodsues — J3AL B 30 3INJBU YL Ul UOIDUNY [BYA B SI 31 Aj3Injosqy

époo3 Aue op Suipooj; s30Q
21euoissed 3q 03 aaey noA 3daduod Aue j|3s o)

113 Sun Sutop jo > jeuUA — 35eSu3 [im uoissed yum doag

way3 ing Asuys piym
Ul J3UUBW 34 35NRJ3Q — WAy 18 Sumoays st Asnuad 1T 34l eyl Suiyiluans Sunyel ale saspuq pio

da3is 3,upip noA ‘Apaeay pauies 31 3w As3A3

J=3:qsesip [euoneu
£ 3q P|NOM WIS 18yl — JUIA3 Je3A 0OZ & 335 AS3 UIYl — 3UOp 3q PINOD AWSYDS uopueg 3yj

27U0 33U 3 Op 03 IUOSLIOS 51 — PI3U 3M |2 3843 pUe —
3Juo auop 3 332 01 Y2nous jeucissed 3UO3WOS — U SIYY 3323 03 Jape3| e 133 03 3q pINOM Bap! 1538

ases —uaddey pinod 3 — 31 unJ 03 pajuiodde 3g 03 PI3U PINOM FUOIWOS
10 snouoge| — uaddey 3,upinom ¥ U3yl 3 JuIWS|dwr 03 AAUNWWOD 3Y3 U0 SUIABI 2u3Mm 3M 3

saSueyd 3wos Juiaas Ajjende we |

Ajjesow pue
Ajjenueuny ‘Ajexyia st Suihes a1,nof 1eym eyl puelsiapun 3jdoad Surjew — 1 |35 JnoA 3saymMm eyl 05

A3eILUl 3y PUILL J3A3U SISEq 341 SUIPUBISISPUN JO PIOASP 3B AUBW OF

1300
S8 — UORIUNY 3,UOP 3M — W31sASOD3 JNO ACJIS3P 3M I 1YL PUBISIIPUN 3,UOP J3Y JUSWUIBACE YL

J19y1 01 pr 3q 01 puB ysy 3Y3 'I3AU Y] 335 01 SPIY Y3 JUBM I

XXXiii




Rrartade  Horusies  Chagt
A Blc|Dp|E[F[G|H|[T]J]K

Thomastown 1 2 3 4 5 6| 7 8 9 10
Stage 1

(Srac)

Sandbags | X
Sand and Shovels X
Barriers X
Pumps |
Drainage - Storm Drains ‘{
Generators

Communication i
LA's + LA's | . X ‘ l
|
i

® X
SERNCIIRIE IO ) 4

LA's + Community K
Community + Community i b 4

Knowledge _
Past and future flooding ‘ %
Placement of defence mechanisms _ X

Stage 2

I I T I I T e T e ey =

N
w

]
S

Filling + Placing Sandbags
Assisting Community Members |

|

N
wl

i
‘ | i
Community | ‘ !

Government / LA's
Maintaining Floods
Updating Community Members | X
Monitoring Current Floods . X

[5[=]

NN
e
>

Placement of: & ‘
Sandbags \/
Pumps + Hoses £
Medical Assistance
Boat and Raft
Paramedics
Floating Pantoon { ‘
Swift Water Response ! X
!

* X

=X X

Stage 3

Removing: [
Barriers, Sinage, Sandbags etc. )(

bﬁabbbwwwwwwwwww
w WiN|RP Ol |IN|O|n|AlwIN|IF|IO

Figure 53 Percentage Analysis Chart - Thomastown

XXXiV



[B]c]oJe[FlalH]1

|5z [z]s[=[s]e]=]S[o[o[s]w]s]-

[
@

=
~

r N[ [
BREEE

N
w

|

N
=

N
(%}

~N| o

N
oo

N
o

btb#abwwwwwuwwww
w WIN(=|IO|lw | |N[a|nidh|lwINn|=|C

Hh SRRePerD.

Stage 1

Sandbags

Sand and Shovels
Barriers

Pumps

Drainage - Storm Drains
Generators

Communication

LA's + LA's

LA's + Community
Community + Community

Knowledge
Past and future flooding
Placement of defence mechanisms

Stage 2

Community
Filling + Placing Sandbags
Assisting Community Members

Government / LA's

Maintaining Floods

Updating Community Members
Monitoring Current Floods

Placement of
Sandbags

Pumps + Hoses
Medical Assistance
Boat and Raft
Paramedics

Floating Pontoon
Swift Water Response

Stage 3

Removing:
Barriers, Sinage, Sandbags etc.

-

X

X X

SWGE 2 2 VOO (120 - 8374

10

30 130

(grwlwg.> S=2QC R EE]

Figure 54 Percentage Analysis Chart - Skibbereen

XXXV



Percentage Analysis Chart Inchogl | Kllkemyy .
{/ /

Stage 1 T l&Z'3 &5 6 Z |8 9|70

Sandbags X
Sand and Shovels >
Barriers P-4

Pumps <
Drainage ~ Storm Drains Ped

Generators b4

W0 N N e W N

i Communication

12 L&'s+LA's pe
13 L&'s +Community >
14 Community + Community 5 =<

18 Knowledge
17 Past and future flooding b
18 Placement of defence mechanisms XL g ]

21 Stage 2

23 | Community
24 Filling + Placing Sandbags >
25 Agssisting Community Members P

27  Government{L&'s

28 Maintaining Floods S
29 ' Updating Community Members ST

30 Menitoring Current Floods .

32 Placement of:

33 Sandbags b

34 Pumps +Hoses .S

36  Medical Assistance <

36 Boatand Rakt >

37 Paramedics >

38 Floating Pontoon A

33  Swift Water Response S

40 | [ Pofve 637
41 Stage 3

43  Removing:
44  Barriers, Sinage, Sandbags ete. o

46  Assisting Businesses + Homes: -4
47 Cleaning up the Aftermath

43 | Impacts

50 Soecial P X

51  Economic ~NE B

52  Environmental o &

53 Emaotional p 8 .

54 oI EX T
55  Total |

Figure 55 Percentage Analysis Chart - Inistioge

XXXVi



Appendix C

Arduino Code

#include <LiquidCrystal.h> // includes the LiquidCrystal Library

LiquidCrystal lcd(1, 2, 4, 5, 6, 7); // Creates an LCD object. Parameters: (rs, enable, d4, d5, d6, d7)
const int trigPin = 9;

const int echoPin = 10;

long duration;

int distanceCm, distancelnch;

int time_delay=2000; //time delay for the screen

const int buzzer = 11; //buzzer to arduino pin 11

//setup variables
void setup() {

lcd.begin(16,2); // Initializes the interface to the LCD screen, and specifies the dimensions (width and
height) of the display

pinMode(trigPin, OUTPUT);
pinMode(echoPin, INPUT);

pinMode(buzzer, OUTPUT); // Set buzzer - pin 11 as an output

}

void loop() {

digitalWrite(trigPin, LOW);
delayMicroseconds(2);
digitalWrite(trigPin, HIGH);
delayMicroseconds(10);
digitalWrite(trigPin, LOW);

duration = pulseln(echoPin, HIGH);

distanceCm= duration*0.034/2;
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distancelnch = duration*0.0133/2;

if (distanceCm>100 && distanceCm <= 150) //use this for different warning levels

{

Icd.clear();

Icd.setCursor(0,0);

Icd.print(“Distance: “);

Icd.print(distanceCm);

delay(500);

lcd.setCursor(0,1);

lcd.print(“ WATER HIGH “);

delay(1000); //make sure that i have enough time to read
tone(buzzer, 1000); // Send 1KHz sound signal...
delay(1000); // ..for 1 sec

noTone(buzzer); // Stop sound...

delay(1000); // ...for 1sec

else if (distanceCm>150 && distanceCm <= 200) //use this for different warning levels

{

//\cd.clear();

Icd.setCursor(0,0);
Icd.print(“Distance: “);
Icd.print(distanceCm);
delay(500);

lcd.setCursor(0,1);

lcd.print(“ WATER NORMAL “);

delay(1000); //make sure that i have enough time to read
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else if (distanceCm>200) //use this for different warning levels
{

Icd.clear();

Icd.setCursor(0,0);

Icd.print(“Distance: “);

Icd.print(distanceCm);

//delay(500);

lcd.setCursor(0,1);

lcd.print(“ WATER LOW  “);

delay(3000); //make sure that i have enough time to read
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Appendix D

Ver. 25 August 2016

CHLOE - INTERNSHIP TASKS

Your home: G:\FTC\U_Technology\TTCLEAR\5. TT_CLEAR - 2016\1. Internship_2016\4. Chloe

1. Develop new TT:CLEAR

Your principle task is to collaborate with the team developing the new TT:CLEAR website. You will be in
charge of day-to-day activities on the project. This will include to:

- Analyse the new design and provide comments to improve it
- Monitor project i plementation

- Liaise with the project team, including ICT colleagues (IT technicians), CO colleagues
{communications) and the graphic designer.

- Support stakeholder engagement and buy-in of the new design (through holding sneak-peak
presentations of the new website)

- Ensure the accurate migrating of old TT:CLEAR pages to the new TT:CLEAR {migrating of slots)

- Undertake testing and debugging to ensure that the new website is error free and fully
functional

- Prepare and imple ment a website launch communication campaign
- Launch the new TT:CLEAR on the agreed date!
(a) Tounderstand the project, read the documents here:

G\FTC\U_Technology\TTCLEAR\S. TT_CLEAR - 2016\1. Internship_2016\4. Chloe\Developing
TTCLEAR

All files for the new TT:CLEAR are here:
GAFTC\U_Technology\TTCLEAR\S. TT_CLEAR - 2016\14. New website structure

(b) The latest version of the new TT:CLEAR is:
hitps://projects.invisionapp.com/share/GA8E7348T#/screens /183834117

{¢) We need to add you to the project management page so that you can follow developments:
https://phoenixdesignaid.teamwork.com/projects/254562 /o verview

2. Support in developing publications

For COP 22, we are currently making two new publications on UNFCCC technology work. You will provide
input into the overall design and quality control of the publications.

{a} TEC 2016. All documents, including latest design:
G:\FTC\U_Technology\Communication and outreach\1. Actiwities\2016\7. TEC 2016 brochure
{b) TNA brochure. Still to ke initioted.

3. Social media, especially for TEC 13

For the TEC meeting, 6-9 September, we will implement a social media campaign to raise awareness
about the meeting. You will work with the team to implement this campaign. Information about the
campaign:

xI



Ver. 25 August 2016

G\FTC\U_Technology\Technology Executive Committee\TEC meetings\13th TEC meeting Bonn 6-9 Sept
2016\Social media and outreach

a. Reading

Through-out the internship, | encourage you to take time out to read about the UNFCCC process and the
work we do. As a starting point, read:

(a) The Technology Mechaaism:

http://unfecc.int/ticlear/misc /StaticFiles/gnwoerk static/TEM/0e7cc25f3f9843cch98399df4d47
©219/174ad939936746b6bfad76e30a324e78. pdf

(b) Then see the readings in the following folder. Try to read an article a week:
GAFTC\U_Technology\TTCLEAR\S. TT_CLEAR - 2016\1. Internship_2016\4. Chloe\Readings
5. dating the Technol Portal

In 2016, developed countries submitted information on how they have supported developing countries
with technology activities. We will need to upload that information to the TT:CLEAR Technology Portal.
See the manual here for tips on what needs to be done:

G:\FTC\U_Technology\TTCLEAR\5. TT_CLEAR - 2016\1. Internship_2016\4. Chloe\BR2 Database
The 2016 database of all biennial reports {BR2s) may be found here:

G:\FTC\U_Technology\Nat coms and BRs\5. BR2\1. Database

For reference, also look at:

G:\FTC\U_Technology\TTCLEAR\A. TT_CLEAR - 2015\3. Internship'\Internship_Marco\4. Technology
Portal\NCs and BRs

5. MOETFIaKe mainien

To edit TT:CLEAR, go to:

http://pysticlear0l.unfece. net/ticlear/acl_users/MultiPAS/login_form?came from=http%3A//pvsttclear01 unfccc.net/t
tclear/templates/render cms pageX3Fs%3DTEC onl

Then->

Now you can edit any page of TT:CLEAR. Carefull Once changes are saved and published they are live.

(a) Updating the carousel
Update the carousel at least once a month. Te update the carousel, use:

hitp:/fpvsticlear0l. unfeee net/ticlear/carouse!_home

(Note that you have to use Firefox for this). For images, make sure we don’t have to include
accreditations! Here is a source of good free images: https://bootstrapbay.com/blog/free-stock-photos/

{b) Updating NDEs
http://unfccc.int/ttclear/templates/render cms page?TEM ndes
Countries send us emails to update their details on this page. You will update this page as new
nominations/information arrives. Before changing information, check the following:
- Is the nomination made by the country’s UNFCCC focal point? http://maindb.unfccc.int/public/nfp.pl
(Or Is the focal point copied in the email?)
- Isallinformation there, is anything else required?
Once all new NDEs are added, we need to update the map. To update the map, use:

http://www maproom.org/outline/world/mn.php. Then paste the new image into the TT:CLEAR page.

{c) Other pages
We will also update other pages from time to time.
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